4 



CM 
(O 

CO 
CO 

o 



(19) 



EuropSisches Patentamt 
European Patent Office 
Office europ6 ndes brevets 



(11) 



EP 1 033 624 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

06.09.2000 Bulietin 2000/36 

(21 ) Application number: 999351 1 6.6 

(22) Date of fifing: 09.08.1 999 



9J0O 



(51) lfitCl7:G03F 7/004, G03F 7/039. 

G03F 7/038, C07C 381/12. 
C07C 309/06 

(86) International application numt>er: 
PCT/JP99/04304 

(87) International publication number: 

WO 00/08525 (1 7.02.2000 Gazette 2000/07) 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES H FR GB GR IE IT LI LU 
MCNLPTSE 

(30) Priority: 07.08.1996 JP 22502998 
29.03.1999 JP 8703699 

(71) Applicant: 

Clariant international Ltd. 
4132 Muttenz 1 (CH) 

(72) Inventors: 

. PAWLOWSKI, Georg, 
Clariant (Japan) K.IC 
Ogasa-gun, SIzuoka 437-1496 (JP) 

• OKAZAKI, Hiroshi, 
Clariant (Japan) K.IC 
Ogasa-gun, SIzuoIca 437-1496 (JP) 

• KINOSHITA. Yoshiaki, 
Clariant (Japan) K.K. 
Ogasa-gun, SIzuoka 437-1496 (JP) 



• TSUGAIVIA, Naoko, 
Clariant (Japan) K.K. 
Ogasa-gun, Sizuoka 437-1496 (JP) 

• HISHIDA, Aritaka, 
Clariant (Japan) K.K. 
Ogasa-gun, Sizuoka 437-1496 (JP) 

• MA, Xiao-ming, 
Clariant (Japan) K.K. 
Ogasa-gun, SIzuoka 437-1496 (JP) 

• YAMAGUCHI, Yuko 

Isehara-shi, Kanagawa 259-1 137 (JP) 

(74) Representative: 

Hotter, Klaus, Dr. et al 
Clariant GmbH 
Patente, Marken, Lizenzen 
Am Unisys-Park 1 
65843 Sulzbach(DE) 



(54) RADIATION-SENSITIVE COMPOSITION OF CHEMICAL AMPLIFICATION TYPE 

(57) A chemically amplified radiation sensitive com- 
position Is provided which comprises a film forming 
hydroxystyrene based resin in combination with an 
onium salt precursor which generates a fluorinated 
alkanesullbnic acid as a photoacid generator This com- 
position can realize neither corrosion of apparatuses by 
outgas, nor T-shaped pattern profiles, nor change in 
linewidth attributable to process time delay on the other 
side, high sensitivity and resolution, and good pattern 
profiles and stability thereof. 
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Description 

BACKGROUND QFTHP INVENTtONI 
s Field of the invention 

10001 J The present invention relates to a chemically amplified radiation sensitive composition, and more particu- 
larly to the so-called "photoresist" for the manufacture of electronic components, printing plates, and three^imensional 
micro objects. 

10 

Background Art 

[0002] An increase in the processor speed attained by the development of microelectronic devices wHh higher inte- 
gration density in the electronic industry has lead to a demand for further improved radiation smsitive compositions. 
IS Tfiat is. an improvement in properties, such as resolution of photoresists and dimensional accuracy of images, has 
been required for satisfying demands in the microelectronic device production industry. 
[0003] According to the Rayleigh's equation 

Rsk^ ♦ A./NA 

20 

wherein R denotes the ultimate resolution, is a constant. X is the wavelength of the light source used in exposure, 
and NA is the numerical aperture of the Illuminating optical system, use of a light source having shorter wavelength in 
exposure can most effectively enhance the ultimate resolution: This has been effectively applied to the transition of irra- 
diation technology from g-line (436 nm) to i-line (365 nm). and has pushed the resolution limits of conventional near UV 

25 irradiation technology to below 0.30 jon. With the need to produce even smaller features, shorter wavelength radiation, 
such as deep UV (DUV) radiation (150 -320 nm), has become employed. Photons generated from DUV radiation 
exhibit higher energy than those generated from near UV radiation sources. Therefore, the number of photons per unit 
energy is smaller, leading to a demand for radiation sensitive compositions with higher sensitivity. 
[0004] Radiation sensitive conpositions called "chemically amplified photoresists" are known in tfie art, and are 

30 advantageous in that tiie catalytic imaging process can provide high photosensitivity. By virtue of high photosensitivity 
and high resolution, the chemically amplified radiation sensitive composittons are being substituted for conventional 
radiation sensitive compositions and being spread. The chemically amplified radiation sensitive conpositions comprise 
a radiation sensitive acid generating agent (photoacid generator; hereinafter often referred to as "PAG") which gener- 
ates an acid. Upon exposure, this PAG releases an acid which catalyzes a layer dissolution reaction in the case of pos- 

35 itive-working photoresists and catalyzes a crosslinking reaction in tfie case of negative-working photoresists. 

[O0O5] Positive-working chemically amplified photoresists are tiie so-called "two component systems" which basi- 
cally comprise: (1) a resin which has been rendered insoluble in alkaline solutions by masking at least a part of the 
water soluble groups on the resin with an acid cleavable protective group; and (2) a PAG. Optionally, low molecular 
weight or phenol derivatives masked with add cleavable protective groups described below are added to further 

40 improve the lithographic performance. This system is known as a Ihree component chemically amplified radiation sen- 
sitive composition. Upon exposure, the PAG produces a strong add capable of cleaving the bond between protective 
group and the resin, resulting in the formation of an alkali-soluble resin. Add molecules produced from the PAG upon 
exposure are not consumed by a single reaction for deaving tiie protective group from the resin, and one acid molecule 
produced during the exposure can deave a large number of protective groups from the resin. This contributes to tiie 

45 high sensitivity of chemically amplified radiation sensitive compositions. 

[O0O6] Many two or three component positive-working photoresist compositions comprising polyhydroxystyrene 
resins or phenol derivatives having polyfunctional groups have been described in patents and literature. In ttie case of 
positive-working two component photoresist compositions, the phenolic groups of the polymer are partly or fully pro- 
tected by add-cleavaWe protective groups, for example, t-butoxycarbonyl groups (USP 4,491,628). t-butoxycarbonyl- 

50 methyl groups (USP 5.403,695), t-butyl groups, trimethylsilyl groups, tetrahydropyranyl groups (USP 5,350.660), 2- 
(alkoxyethyl) groups (USP 5.468.589 and USP 5.558.971. and USP 5.558.976), or combinations tiiereof. A co-or ter- 
polymer of hydroxystyrene with (meth)acrylic acid, wherein the cartx>xylic acid is partiy or fully protected by acid-deav- 
able groups, such as t-butyl groups (USP 4,491,628. USP 5,482,816, and USP 5.492.793), amyl groups, or 
tetrahydropyranyl groups, has also been regarded as useful for positive-working two component photoresist composi- 

55 tions. The addition of dissolution inhibitors, which have been protected in the same manner as described atx>ve, to the 
positive-working photoresist composition is described In USP 5.512.417 and USP 5.599.949. 
[0007] In the case of negative-working photoresists, a aosslinWng agent such as hexamethoxy methylmelamine, 
is added to an alkali soluble phenolic resin (USP 5,376.504 and USP 5,389,491). The add produced from the PAG upon 
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exposure induces a aosslinking reaction in the exposed areas. 

[0008] As is apparent from the foregoing description. PAG plays an important role in the imaging process for i30th 
positive-working and negative-working chemically amplified resists, because PAG governs light response properties, 
such as absorption of light or quarrtum yield of acid formation, and, in addition, governs the properties of the produced 

5 acid, such as add strength, mobility, or volatility. Useful PAGs for both positive-working and negative-working chemically 
amplified resists include ionic onium salts, particularly iodonium salts or sulfonium salts with strong non-nucleophilic 
anions (USP 4.058,400 and USP 4.933.377). for example, hexaf luoroantimonate and trifluoromethane sulfonate (USP 
5.569,784) or aliphatic/aromatic sulfonates (USP 5,624.787). In addition, many non-ionic PAGs producing the above 
mentioned sulfonic acids have been described for both positive-working and negative-working chemically anplified 

10 photoresist materials (USP 5,286.867 and USP 5,338,641). Further, certain hydrogen halide producing PAGs have 
been suggested for advantageous use in negative-working chemically amplified resists (USP 5,599.949). 
[0009] USP 5,731 ,364 discloses that binulear sulfonium conpounds having perf luoroaryl sulfonate and perfluoro- 
alkyl sulfonate are useful for the image formation of positive-working and negative-working photoresists. This patent, 
however, does not suggest specific superiority in use of sulfonium compounds of nonaf luorobutane sulfonate as PAGs 

IS in combination witii hydroxystyrene based resin having a protective group which an be eliminated with an add. 

[(M)10] Among these PAGs. those onium salts producing trifluoromethane sulfonic acids upon exposure are partic- 
ularly preferred, because superior sensitivity and good ultimate resolution of the photoresist system can be obtained. 
In addition, these PAGs are known to reduce the formation of insolubles on the substrate or at the substrate/resist inter- 
face known as scum. 

20 [001 1 ] It was found, however, that minor quantities of tiie rather volatile trifluoromethane sulfonic acid (TFSA) pro- 
duced during the irradiation process may evaporate (outgas) from the photoresist film and cause corrosion of the expo- 
sure and process equipment. The same trouble Is observed when hydrogen halide producing PAGs are used. It maybe 
anticipated that a long time exposure especially to the evaporating fumes of the volatile, aggressive TFSA may cause 
hazards to the health of the labor force. In addition, ft is known tiiat resist materials containing PAGs which produce 

25 TFSA tend to produce the so-called T-shaped pattern profiles, and show linewidth changes upon process delays (i.e. 
inadequate delay time stab'lity) due to the high volatility and the diffusion properties of this acid. Attempts to identify an 
adequate replacement for TFSA, or its onium salt precursors, respectively, were so far not very successful, because 
deterioration of the resist performance, i.e. of resolution capability, or sensitivity occurred. 

[0012] An evaluation of a chemically amplified resist system using a large number of sulfonic acids producing 
30 onium salt precursors has revealed that most acids yielding good resolution are poor in sensitivity, while tiiose com- 
pounds, which yield high sensitive resists do not perform very well in terms of resolution. More specifically, it was found 
that low-molecular weight aliphatic and some aromatic sulfonic acids have high vapor pressures, thus causing tiie 
above mentioned corrosion of the equipment, forming T-topped photoresist profiles, and yielding significant linewidth 
changes upon process time delays, while larger molecular weight aliphatic and aromatic sulfonic adds do not provide 
35 the required sensitivity, or have Inadequate resolution power. 

SUMMARY OF THE INVETNION 

[0013] The present inventors have made extensive and intensive studies on impro\^ed chemically amplified resist 
40 materials for production of semiconductors, particularly chemically amplified resist materials which are less likely to 
cause corrosion of equipment by outgassing and, at the same time, has good sensitivity and resolution. As a result, the 
present inventors have now found tiiat a combination of a film forming hydroxystyrene based resin with an onium salt 
precursor capable of generating a fluorinated alkanesulfonic acid as a photoacid generator can provide an excellent 
chemically amplified radiation sensitive composition. The present invention has been made based on such finding. 
45 [001 4] Accordingly, it is an object of the present invention to provide a chemically amplified radiation sensitive com- 
position which is less likely to cause the con^osion of the equipment, T-topped photoresist profiles, and significant linew- 
idth changes upon process time delays. 

[0015] It is anotfier object of the present invention to provide a chemically amplified radiation sensitive conposition 
which can realize high sensitivity and resolution, good pattern shapes and stability thereof. 
so [0016] It is still another object of tiie present invention to provide a chemicaqlly amplified radiation sensitive com- 
position containing a photoacid generator which, by virtue of the generation of a nonvolatile acid, can eliminate prob- 
lems associated w'rth outgassing. 

[0017] It is a further object of the present invention to provide a recording medium containing the chemically ampli- 
fied radiation sensitive composition according to tiie present invention and to provide a process for producing tiie 
55 recording medium. 

[0018] The chemically amplified radiation sensitive composition according to the present invention comprises at 
least 



INSDOCID: <EP 1033624A1J_> 



3 



an onium salt precursor which generates a f luorinated alkanesuHonic add as a photoacid generator and 
a film farming hydroxystyrene based resin. 

[00191 According to a preferred emlxxjiment of the present invention, there is provided a positive-working chemi- 
5 cally amplified radiation sensitive composition, as a first aspect of the present invention, comprising: 

(1) an onium salt precursor which generates a f luorinated aikanesulfonic acid as a photoacid generator; 

(2) a film forming hydroxystyrene based resin which is is made aiicali insoluble by protecting alkali soluble groups 
on the resin with an add deavable protective group; and 

10 (3) optionally a dissdution inhibitor having at least one acid cleavaUe C-O-C or C-O-Si bonds. 

[0020] According to a second aspect of the present invention, there is provided a negative^nrorking chemically 
amplified radiation sensitive composition comprising: 

IS (1) an onium salt precursor which generates a f luorinated aikanesulfonic add as a photoackl generator; 

(2) an alkali soluble film forming hydroxystyrene based resin; and 

(3) optionally an acid-sensitive crosslinking agent 

[0021] Accoiding to a third aspect of the present invention, there is provided a radiation sensitive recording medium 
20 comprising: a substrate; and a radiation sensitive layer provWed on the substrate, the radiation sensitive conprising the 
composition of the present invention. 

[0022] According to a fourth aspect of the present invention, there is provided a process for producing a radiation 
sensitive recording medium, comprising the steps of: dissolving the composition of the present invention in a solvent; 
coating the sdution onto a substrate to form a radiation sensitive layer; and removing the solvent by evaporation. 

2S 

PRFFgRRED EMBODIMENTS QF THE INVENTION 

nhemicallv amp lified radiation sensitive composition 

30 [O023] The chemically amplified radiation sensitive composition according to the present invention basically com- 
prises a film forming hydroxystyrene based resin and an onium salt precursor which generates a f luorinated alkanesul- 
fbnate as a photoadd generator. 

[0024] According lo the chemically amplified radiation sensitive conrposition of the present invention, the fluori- 
nated aikanesulfonic acid generated from the onium salt precursor upon exposure can significantly improve the per- 
35 formance of the chemically amplified radiation sensitive composition containing a hydroxystyrene based resin in terms 
of image formation, that is. resolution, dense/isolated line bias, dimensional accuracy of images, delay time stability, a 
reduction in volatile components (outgas) and the like. 

[O025] Surprisingly, the onium salt of a f luorinated aikanesulfonic acid as the photoacid generator, when used in a 
(a) positive-working or (b) negative-working hydroxystyrene based chemically amplified radiation sensitive composition, 

40 can provide radiation sensitivity equal to that in the case of the corresponding trHluoromethane sulfonate derivatives. 
Further, use of the photoacid generator according to the present invention provides substantially the same resdution 
and, in addition, does not form any scum. Further, surprisingly, better (rectangular) pattern profile accuracy, and less 
line surface and edge roughness are obsen^ed. Due to the low vapor pressure of the fluorinated aikanesulfonic add. 
the evaporation tendency of this compound is almost negligible at typical photoresist process temperatures (up to about 

45 1 50*C). thus eliminating both the formation of Ttops and the risk of equipment corrosion. In addition, linewidth changes 
are minimized, as the mobility and thus the diffusion range d the comparatively large molecular weight fluorinated 
aikanesulfonic acid in chemically amplified radiation sensitive films are smaller than that of trifluoromethanesulfonic 
acid. The reduced mobility has apositive effect on the dense lines to isolated line bias; i.e. the linewidth dimensions of 
isolated lines and dense lines are almost equal at a given exposure dose. Therefore, the use of the onium salts of the 

50 present invention very advantageously contributes in several important ways to the overall performance of (a) positive- 
working and (b) negative-working hydroxystyrene based chemically amplified radiation sensitive compositions, as well 
as to the life-time and maintenance of the equipment emptoyed, and to ttie healtii of the workforces. 

(a) Photoacki generator 

55 

[O0261 The photoacid generator used in the compositon of the present invention is an onium salt precursor which 
generates a fluorinated aikanesulfonic add. The onium salt precursor is not particularly limited so far as it can generate 
a fluorinated aikanesulfonic add. According to a preferred embodiment ttie present invention, the onium salt precursor 
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is a sulfonium salt or an iodonium salt 

[0027] The f luorinated alkanesulfonic acid also is not particularly limited. Preferably, the f luorinated alkanesulfonic 
acid is such that the alkanesulfonic acid has 3 to 4 cart)on atoms. 

[0028] Preferred onium salt precursors, which generate f luorinated alkanesulfonic adds, include suHbnium salts or 
iodonium salts of 3.3.3,3.1 . Vhexafluoropropanesulonate and nonafluorobutanesulonic add. 
[0029] According to a more preferred embodiment of the present invention, the onium salt precursor, which gener- 
ates a f luorinated alkanesulfonic acid, is a sulfonium or iodonium salt of a f luorinated atkane sulfonate of formula (I): 



Y+ASOa 1 (I) 



wherein A represents CF3GHFCF2 or CF3CF2GF 2CF2: and Y represents 




ojj. — — R? or — r-— n? 



wherein R\ R^. ajnd R^ each independently represent 

an alkyi group, ^ C- r\^V4 ^ 

25 a monocyclic or bk:yclic alkyf group, 

a cyclic alkylcart)onyl group. 

a phenyl groip, 

a naphthyl group, 

an anthryl group. 
30 a pery! group, 

a pyryl group. 

a thienyt group. 

an aralkyi group, or 

an arylcart)onylmethylene group, or 
35 any two of R\ R^. and or R^ and together represent an alkylene or an oxyalkylene which forms a five- or six- 

membered ring together with the interposing sulfur or iodine, said ring being optionally condensed with aryl groups, 

one or more hydrogen atoms of R^ , R^, R^, R"*, and being optionally substituted by one or more groups selected 

from the group consisting of a halogen atom, an alkyI group, a cyclic alkyI group, an alkoxy group, a cyclic alkoxy 

group, a dialkylamino group, a dicydic dialkylamino group, a hydroxyl group, a cyano group, a nitro group, an aryl 
40 groups an aryioxy group, an aryltNo group, and groups of formulae (II) to (VI): 

I 

— o — c — orf 00 



so 
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0 C OR? (HO 




— 0 C C OR? (IV) 




C OR? (VI) 



wherein and each independently represent a hydrogen atom, an alkyi group, which may be substituted 
by one or more halogen atoms, or a cyclic alkyI group, which may be substituted by one or more halogen 
atoms, or and together can represent an alkylene group to form a ring, 

R® represents an alkyI group, a cyclic alkyI group, or an aralkyl group, or R^ and R® together represent an 
alkylene group which forms a ring together with the interposing -C-0- group, the cartwn atom in the ring being 
optionally substituted byan oxygen atom. 

R^ represents an alky! group or a cydic alkyI group, one or two carbon atoms in the alkyI group or the cyclic 

alkyI group being optionally substituted by an oxygen atom, an aryl group, or an aralkyl group, 

R^° and R^^ each independently represent a hydrogen atom, an alM group, or a cyclic alkyI group. 

r12 represents an alkyl group, a cyclic alkyI group, an aryl group, or an aralkyl group, and 

P}^ represents an alM Q^oup, a cyclic a\k^\ group, an aryl group, an aralkyl group, the group -Si(R^2)2R^^. or 

the group -0-Si(R^2)2Ri3 

[0030] The compound represented by formula (I) is advantageous in that it has good soliijility in general solvents 
used in radiation sensitive compositions and. in addition, has good affinity for the conriponents contained in th radiation 
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sensitive composition. 

[0031] In formula (I), the aikyl group as a group or a part of a group may be of straight chain type or branched chain 
type. The halogen refers to a fluorine, chlorine, bromine, or iodine atom. The aralkyi refers to benzyl, phenylethyl 
(phenetyl). methylbenzyl, naphthylmethyl or the like. The aryl preferably refers to phenyl, naphthyl, tolyl or the like. 
5 [0032] According to a preferred embodiment of the present invention, a group of pretended conpounds represented 
by fbnnula (I) are those wherein 

R\ R^. R*. and R® each independently represent 

a Ci.12 ^'kyl group (preferably a C^,s alkyi group, more preferably a C1.3 alkyi group). 
10 a 06-12 monocyclic or bicyclic alkyi group (preferably monocyclic alkyi group or a C^o-ia bicydic alkyi group), 

a 2 cyclic alkylcart>onyl group (preferably a Ca^ monocyclic alkytcarfoonyl group). 

a phenyl group. 

a naphtyf group, 

an anthryl group. 
15 a peryl group. 

apyrylgroup. 

athienyl group. 

an aralkyi group, or 

an arylcarbonylmethylene group with up to 15 cartoon atoms, or 
20 any two of R^ R^. and R^. or R^ and together represent an alkylene or an oxyalkylene which forms a five- or 
six-membered ring together with the interposing sulfur or kxJine atom, sakJ ring being optionally condensed with 
aryl groups. 

[0033] According to a more pretended embodiment of the present invention, the compounds represented by formula 
25 (I) are those wherein 

one or more hrydrogen atoms of R^ R^, R^. R^ and R^ are substituted by at least one group selected from the 
group consisting of a halogen atom, a C^^ alkyt group, a 03.^ cyclic alkyi group, a C\,q alkoxy group, a 63^ cyclic 
alkoxy group, a di-Ci.3 alkylamino group, a cyclic di-C6.i2 alkylamino group, a hydroxyl group, a cyano group, a 

30 nltro group, an aryl group, an aryloxy group, an arylthio group, and groups represented by formulae (li) to (VI). Fur- 
ther, compounds are preferably utilized wherein, in the groups represented by formulae (II) to (VI), 
R^ and R^ each independently represent a hydrogen atom, a C^,6 alkyi group, which may be substituted by one or 
more halogen atoms, or a C3.6 cydic alkyI group, which may be substituted by one or more halogen atoms, or R^ 
and R^ together represent an alkylene group to form a five-membered or six-menrtbered ring. 

35 R® represents a C1.6 alkyi group, a C3.6 cyclic alkyi group, or a C7.12 aralkyi group, or R® and R® together represent 
an alkylene group which forms a five- or six-membered ring together with the interposing -C-0- group, the cartx)n 
atom in the ring being optionally substituted by an oxygen atom. 

R9 represents a C^^ alkyi group or a C3.6 cyclic alkyi group, one or two cartoon atoms in the alkyt group or the cyclic 
alkyi group being optionally substituted by an oxygen atom, a ^^y^ Oi'oup. or a 67.^2 aralkyi group, 
40 p}^ and R^ each independently represent a hydrogen atom, a C-^.^ alkyi group, or a C3.6 cyclic alkyi group, 
R^^ represents a C^,s alkyi group, a C3.6 cyclic alkyi group, a aryl group, or a C7.12 aralkyi group, and 
R^^ represents a C1.6 alkyi group, a C3.6 cyclic alkyi group, a Ce-ia aryl group, a C7.12 aralkyi group, ^oup - 
Si(R^2)2Ri3 or group -©-^(R^^jgR^^ 

45 [0034] According to another preferred emtxxiiment of the present invention, a group of compounds represented by 
formula (I) are utilized wherein 

R\ R^, R^, R^. and R^ each independently represent a Ci,3 alkyi group, a C3.6 monocydic alkyi group. C^o-ia bicy- 
dic alkyi group, a C3.6 cydic alkyicarbonyl group, a phenyl group, or a naphthyl group, or any two of R\ R^ and R^. 

50 or and R^ together represent an alkylene group to form a five- or six-membered alkylene ring, 

one or more hydrogen atoms of R\ R^, R^, R^, and R^ optionally substituted by at least one group selected from 
the group consisting of a hydrogen atom, a halogen atom, a C1.6 alkyi group, a C3.6 cyclic alkyi group, a C^g alkoxyl 
group, a C3.6 cyclic alkoxyl group, a hydroxyl group, an aryl group, an aryloxy group, an arylthio group, and groups 
of formulae (II) to (VI) wherein R^ and R^ each independently represent either a hydrogen atom or a methyl group, 

55 provided that R^ and R^ do not simultaneously represent hydrogen. represents either a C1.4 alkyi group or R® 
and R^ together represent an alkylene group which forms a ring together with the interposing -C-0- group, R^ rep- 
resents a 0^.4 alkyi group, R^^ and R^^ represent a hydrogen atom, R^^ represents a methyl group, and R^^ rep- 
resents a methyl group. 
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[0035] According to the present invention, the most preferred compounds represented by formula (1) are tris-(4-t- 
butylphenyl)sulfonium3,3,3,2.1.1-hexafluorobutane sulfonate and tris-(4-t-butylphenyl)sulfonium nonafluorobutane sul- 
fonate. These compounds can advantageously offer excellent lithographic performance and. in addition, can be easily 

synthesized. 

5 [0036] Specific examples of preferred onium salts represented by formula (I) indude. but are not limited to, the fol- 
lowing compounds (in this list, sulfonium 3.3,3.2.1.1-hexafluorobutane sulfonate is abbreviated as S-HFPS and lodo- 
nium 3,3.2.1, 1-hexafluorobutane sulfonate is abbreviated as l-HFPS): triphenyl S-HFPS. 4-methylpheny1 diphenyl S- 
HFPS, bis-(4-methylphenyl) phenyl S-HFPS. tris-(4-methylphenyl) S-HFPS, 4-t-butylphenyl diphenyl S-HFPS. bis-{4-t- f ^ ^ ^ 
butylphenyl) phenyl S-HFPS, tris-(4-t-butylphenyl) S-HFPS. 4-cyclohexylphenyl diphenyl S-HFPS, bis-(4-cyclohexyl- | ^ ( \ 

10 phenyl) phenyl S-HFPS, tris-{4-cyclohexylphenyl) S-HFPS, 4-chlorophenyl diphenyl S-HFPS. bis-(4-chlorophenyl) phe- X C'C 
nyl S-HFPS, tris-(4-chlorophenyl) S-HFPS, 4-N.N-dimethylaminophenyt diphenyl S-HFPS, bis-(4-N,Nf -N- ' i 
dimethylaminophenyl) phenyl S-HFPS. tris-(4-N,N<Jimethylaminophenyl) S-HFPS, 4-hydroxyphenyl diphenyl S-HFPS, \ a f . 
bis-{4-hydroxyphenyl) phenyl S-HFPS. tris-(4-hydroxypheny[) S-HFPS. 4-methoxyphenyl diphenyl S-HFPS. bis-(4- r 
methoxyphenyl) phenyl S-HFPS. tris-(4-methoxyphenyl) S-HFPS. 4-t-butyloxyphenyl diphenyl S-HFPS. bis-(4-t-buty- 

J5 loxyphenyl) phenyl S-HFPS, tris-(4-t-butyloxyphenyl) S-HFPS. 3,5-dimethyl-4-hydroxyphenyl diphenyl S-HFPS, bis- 
{3.5<Jimethyl-4-hydroxyphenyi) phenyl S-HFPS. tris-(3.5-dimethyl-4-hydroxyphenyl) S-HFPS. 4-t-butyloxycarbonyloxy- 
phenyl diphenyl S-HFPS, bis-(4-t-butyloxycarbonyloxyphenyl) phenyl S-HFPS, tris-(4-t-lwtylaxycarbonyIoxyphenyl) S- 
HFPS. 4-t-butyloxycarbony1phenyl diphenyl S-HFPS. bis-(4-t-butyloxycarbonylphenyO phenyl S-HFPS, tris-{4-t-buty- 
loxycartKjnylphenyl) S-HFPS. 4-t-butyloxycarbonylmethylenoxyphenyl diphenyl S-HFPS. bis-(4-t-butyloxycarbonylphe- 

20 nyl) phenyl S-HFPS, tris-(4-t-butyloxycarbonylphenyl) S-HFPS. 4-phenylthiophenyl diphenyl S-HFPS. bis-{4- 
phenylthiophenyl diphenyl) phenyl S-HFPS. tris-(4-phenylthiophenyl diphenyl) S-HFPS. 2-naphthyl diphenyl S-HFPS. 
phenyl anthrylium HFPS. phenyl thioanthrylium HFPS, 9-anthryl diphenyl S-HFPS. 4 methylphenyl bis-(4-t-butylphenyl) 
S-HFPS. bis-(4-methylphenyl) 4-t-butylphenyl S-HFPS. 4-t-butyloxyphenyl bis-{4-t-butylphenyl) S-HFPS. bis-(4-t-buty- 
loxyphenyl) 4-t-butylphenyl S-HFPS. 4-cyclohexylphenyl bis-(4-t-butylphenyl) S-HFPS. bis-(4-cyclohexylphenyl) 4-t- 

25 butylphenyl S-HFPS. 4-chlorophenyl bis-{4-t-butylphenyl) S-HFPS. bis-(4-chIorophenyl) 4-t-butylphenyl S-HFPS, 4- 
N.N-dimethylaminophenyl bis-(4-t-butylphenyl) S-HFPS. bis-{4-N.N-dimethylaminophenyl) 4-t-butylphenyl S-HFPS. 4- 
hydroxyphenyl bis-(4-t-butylphenyl) S-HFPS. bis-{4-hydroxypheny!) 4-t-butylphenyl S-HFPS. 4-methoxyphenyl bis-(4-t- 
butylphenyl) S-HFPS. bis-(4-methoxyphenyl) 4-t-butyiphenyl S-HFPS. 3.5-dimethyl-4-hydrQxyphenyl bis-(4-t-butylphe- 
nyl) S-HFPS. bis-(3,5-dimethyl-4-hydroxyphenyl) 4-t-butylphenyl S-HFPS. 4-t-butyloxycarbonyloxyphenyl bis-{4-t-butyl- 

30 phenyl) S-HFPS, bis-(4-t-butyloxycarbonyl oxyphenyl) 4-t-butylphenyl S-HFPS. 4-t-butyloxycarbonyl phenyl bis-(4-t- 
butylphenyl) S-HFPS. bis-(4-t-butyloxycarbonylphenyl) 4-t-butylphenyl S-HFPS. 4-t-butyloxycartwnyl methylenoxyphe- 
nyl bis-(4-t-butylphenyO S-HFPS. bis-(4-t-butyloxycart>onylmethylen oxyphenyl) 4-t-butylphenyl S-HFPS, 4-phenylthi- 
ophenyl bis-(4-t-butylphenyl) S-HFPS, bis-(4-phenylthiophenyl) 4-t-butylphenyl S-HFPS. 2-naphthyl bis-(4-t- 
butylphenyl) S-HFPS. 9-anthryl bis-(4-t-butylphenyl) S-HFPS. bis-(4-methylphenyl) 4-methoxyphenyl S-HFPS. 4-t- 

35 butylphenyl bis-(4-methoxyphenyl) S-HFPS. bis-(4-t-butylphenyl) 4-methoxyphenyl S-HFPS, 4-cydohexyiphenyl bis-(4- 
methoxyphenyl) S-HFPS. bis-{4-cyclohexylphenyl) 4-methoxyphenyl S-HFPS. 4-chlorophenyl bis-(4-methoxyphenyl) 
S-HFPS, bis-(4-chlorophenyl) 4-methoxyphenyl S-HFPS. 4-N.N-dimethylaminophenyl bis-(4-methoxyphenyl) S-HFPS. 
bis-(4-N,N-dimethylaminophenyl) 4-methoxyphenyl S-HFPS. 4-hydroxyphenyl bis-(4-methoxyphenyl) S-HFPS. bis-(4- 
hydroxyphenyl) 4-methoxyphenyl S-HFPS, 4-t-butyloxyphenyl bis-(4-methoxyphenyi) S-HFPS. bis-(4-t-butyloxyphenyl) 

40 4-methoxyphenyl S-HFPS. 3.5-dimethyl-4-hydroxyphenyl bis-(4-methoxyphenyl) S-HFPS. bis-(3.5-dimethyl-4-hydroxy- 
phenyl) 4-methoxyphenyl S-HFPS. 4-t-butyloxycarbonyl oxyphenyl bis-(4-methoxyphenyl) S-HFPS. bis-(4-t-butyloxy 
carbonyloxyphenyl) 4-methoxyphenyl S-HFPS, 4-t-butyloxycarbonylphenyl bis-{4-methoxyphenyl) S-HFPS. bis-{4-t- 
butyloxycarbonylphenyl) 4-methoxyphenyl S-HFPS, 4-t-butyloxycarbonyl methylenoxyphenyl bis-{4-methoxyphenyl) S- 
HFPS, bis-{4-t-butyloxycarbonylmethylen oxyphenyl) 4-methoxyphenyl S-HFPS, 4-phenylthiophenyl bis-(4-methoxy- 
45 phenyl) S-HFPS. bis-(4-phenylthiophenyl) 4-methoxyphenyl S-HFPS, 2-naphthyl bis-(4-methoxyphenyl) S-HFPS. 9- 
anthryl bis-(4-methoxyphenyl) S-HFPS. 4-cyclohexylphenyl bis-{4-t-butyloxyphenyl) S-HFPS. bis-(4-cyclohexylphenyl) 

4- t-butyloxyphenyl S-HFPS. 4-chlorophenyl bis-(4-t-butyloxyphenyI) S-HFPS. bis-(4-chlorophenyl) 4-t-butytaxyphenyl 

5- HFPS. 4-N.N-dimethylaminophenyt bis-(4-t-butyloxyphenyl) S-HFPS. bis-(4-N.N-dimethyl aminophenyl) 4-t-butyloxy- 
phenyl S-HFPS. 4-hydroxypheri7rbis-(4-t-butyloxyphenyl) S-HFPS. bis-{4-hydroxyphenyl) 4-t-butyloxyphenyl S-HFPS, 

50 4-methoxyphenyl bis-(4-t-butyloxyphenyl) S-HFPS, bis-(4-methoxyphenyl) 4-t-butyloxyphenyl S-HFPS. 3,5-dimethyl-4- 
hydroxyphenyl bis-(4-t-butyloxyphenyl) S-HFPS. bis-(3.5-dimethyl-4-hydroxyphenyl) 4-t-butyloxyphenyl S-HFPS. 4-t- 
butyloxycarbonyloxyphenyl bis-(4t-butyloxyphenyl) S-HFPS, bis-(4-t-butyloxycarbonyloxyphenyl) 4-t-butyloxyphenyl S- 
HFPS, 4-t-butyloxycaibonyl phenyl bis-{4-t-butyloxyphenyl) S-HFPS, bis-{4-t-butyloxycarbonylphenyl) 4-t-butyIoxy phe- 
nyl S-HFPS. 4-t-butyloxycarbonylmethylenoxyphenyt bis-(4-t-butyloxyphenyl) S-HFPS. bis-(4-t-butyloxycarbonylmeth- 

55 yienoxyphenyl) 4-l-butyloxyphenyi S-HFPS, 4-phenyl thiophenyl bis-{4-t-butyloxyphenyl) S-HFPS. bi$-(4- 
phenylthiophenyl) 4-t-butyloxy phenyl S-HFPS, 2-naphthyl bis-(4-butyloxyphenyl) S-HFPS, 9-anthryl bis-(4-t-butyloxy- 
phenyl) S-HFPS, trimethyl S-HFPS. butyl dimethyl S-HFPS, dibutyl methyl S-HFPS. cyclohexyt methyl S-HFPS. dicy- 
clohexyl methyl S-HFPS, p-oxocyclohexyl dimethyl S-HFPS. p-oxocyclohexyl cyclohexyl methyl S-HFPS. p- 
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oxocydohexyl 2-nortx)rnyl methyl S-HFPS. phenyl dimethyl S-HFPS. diphenyl methyl S-HFPS. 4-methylphenyl dime- 
thyl S-HFPS. bls-(4-methylphenyl) methyl S-HFPS. 4-t-butylphenyl dimethyl S-HFPS. bis-(4-t-butylphenyl) methyl S- 
HFPS. 4-t-butyloxyphenyl dimethyl S-HFPS. bis-(4-t-butyloxyphenyl) methyl S-HFPS. 4-cyclohexylphenyI dimethyl S- 
HFPS. bis-(4-cyclohexy!phenyl) methyl S-HFPS, 4-chlorophenyl dimethyl S-HFPS. bis-(4-chlorophenyl) methyl S- 
5 HFPS, 4-N.N-dimethylaminophenyl dimethyl S-HFPS. bis-(4-N,N-dimethylaminoph nyl) methyl S-HFPS, 4-hydroxy- 
phenyl dimethyl S-HFPS, bis-(4-hydroxyphenyl) methyl S-HFPS. 3,5-dimethyl-4-hydroxyphenyl dimethyl S-HFPS. bis- 
(3.5-dimethyl-4-hydroxyphenyl) methyl S-HFPS. 3,5-dimethoxy-4-hydroxyphenyl dimethyl S-HFPS, bis-(3,5-dimethoxy- 

4- hydroxyphenyl) methyl S-HFPS, 4-methoxyphenyl dimethyl S-HFPS, bis-(4-methoxyphenyl) methyl S-HFPS, 4-t- 
butyloxycartKjnyloxypheny! dimethyl S-HFPS, bis-(4-t-buty!oxycarbonyloxyphenyl) methyl S-HFPS. 4-t-butyloxycart>o- 

10 nylphenyl dimethyl S-HFPS. bis-(4-t-butyloxycarbonylphenyl) methyl S-HFPS, 4-t-butyloxycartx)nylmethylenoxyphenyl 
dimethyl S-HFPS, bis-(4-t-butyloxycaft>onylmethylenoxyphenyl) methyl S-HFPS, 4-phenylthiophenyl dimethyl S-HFPS, 
bis-(4-phenylthiophenyl) methyl S-HFPS. 2-naphthyl dimethyl S-HFPS. bls-(2-naphthyl) methyl S-HFPS, 4-hydroxy- 
naphthyl dimethyl S-HFPS, bls-{4-hydrQxynaphthyl) methyl S-HFPS. G-arrthryl dimethyl S-HFPS, bis-{9-arTthryl) methyl 

5- HFPS, 2-naphthyl dibutyl S-HFPS. phenyl tetramethylene S-HFPS. 4-methylphenyl tetramethylene S-HFPS, 4-t- 
is butylphenyl tetramethylene S-HFPS. 4-t-butyloxyphenyl tetramethylene S-HFPS, 4-cyclohexylphenyl tetramethylene S- 

HFPS. 4-cWorophenyl tetramethylene S-HFPS, 4-N,N-dimethylaminophenyl tetramethylene S-HFPS. 4-hydroxyphenyl 
tetramethylene S-HFPS, 3,5-dimethyl-4-hydroxyphenyl tetramethylene S-HFPS, 3.5-dimethoxy-4-hydroxyphenyl 
tetramethylene S-HFPS, 4-methoxyphenyl tetramethylene S-HFPS, 4-t-butyloxycaitonyloxyphenyl tetramethylene S- 
HFPS, 4-t-kxjtyloxycarbonylphenyl tetramethylene S-HFPS, 4-t-butyloxycarbonylmethylenoxyphenyl tetrazuethylene S- 

20 HFPS, 4-phenylthiophenyl tetramethylene S-HFPS, 2-naphthyl tetramethylene S-HFPS, 4-hydroxynaphthyl tetrameth- 
ylene S-HFPS. 9-anthryl tetramethylene S-HFPS, phenyl pentamethylene S-HFPS, 4-methylphenyl pentamethylene S- 
HFPS, 4-t-butylphenyl pentamethylene S-HFPS, 4-t-butyloxyphenyl pentamethylene S-HFPS, 4-cyclohexylphenyl pen- 
tamethylene S-HFPS. 4-chlorophenyl pentamethylene S-HFPS. 4-N.N-dimethyIaminophenyl pentamethylene S-HFPS, 
4-hydroxyphenyl pentamethylene S-HFPS. 3.5-dimethyl-4-hydroxyphenyl pentamethylene S-HFPS. 3,5-dimethoxy-4- 

25 hydroxyphenyl pentamethylene S-HFPS, 4-methoxyphenyl pentamethylene S-HFPS, 4-t-butyloxycartx>nyloxyphenyl 
pentamethylene S-HFPS, 4-t-butyloxycarbonylphenyl pentamethylene S-HFPS. 4-t-butyloxycart)onyl methylenoxyphe- 
nyl pentamethylene S-HFPS, 4-phenylthiophenyl pentamethylene S-HFPS, 2-naphthyl pentamethylene S-HFPS, 4- 
hydroxynaphthyl pentamethylene S-HFPS. 9-anthryl pentamethylene S-HFPS, phenylcartx)nylmethylene dimethyl S- 
HFPS, phenylcartwnylmethylene tetramethylene S-HFPS, phenylcartDonylmethylene pentamethylene S-HFPS, 2- 

30 naphthylcart)onylmethylene dimethyl S-HFPS. 2-naphthylcarbonyImethylene tetramethylene S-HFPS, 2-napthylcaft>o- 
nylmethylene pentamethylene S-HFPS. diphenyl l-HFPS, bis-(4-methylphenyl) 1-HFPS, bis-(3,4-dimethylphenyl) I- 
HFPS, bis-(4-t-butylphenyl) 1-HFPS. bis-(4-t-butyloxyphenyl) l-HFPS. bis-(4-cyclohexylphenyl) l-HFPS. bis-(4-trifluor- 
omethylphenyl) l-HFPS. bls-(4-chlorophenyl) l-HFPS. bis-(2,4<jichlorophenyl) l-HFPS, bis-(4-dimethylaminophenyl) I- 
HFPS, bis-(4-hydroxyphenyl) l-HFPS, bis-(3,5-dimethyl-4-hydroxyphenyl) l-HFPS, bis-{4-methoxyphenyl) l-HFPS, bis- 

35 {4-t-butyloxycarbonyIoxyphenyl) l-HFPS, bis-(4-t-butyloxycarbonylphenyl) l-HFPS, bis-{4-t-butyloxycarbonyl methylene 
oxyphenyl) l-HFPS. bis-(4-phenylthiophenyl) l-HFPS. bis-(3-methoxycart)onylphenyl) l-HFPS. bis-(2-naphthyl) l-HFPS. 
dithienyl thienyl 1-HFPS, 4-methylphenyl phenyl 1-HFPS, 3,4-dimethylphenyl phenyl l-HFPS, 4-t-butylphenyl phenyl 1- 
HFPS, 4-t-butyloxyphenyl phenyl l-HFPS, 4-cyclohexylphenyl phenyl 1-HFPS. 4-trlfluoromethylphenyl phenyl l-HFPS, 
4-chlorophenyl phenyl l-HFPS, 2,4-dlchlorophenyl phenyl l-HFPS, 4-dimethylaminophenyl phenyl l-HFPS, 4-hydroxy- 

40 phenyl phenyl 1-HFPS. 3, 5-dimethyl -4-hydroxyphenyl phenyl l-HFPS, 4-methoxyphenyl phenyl l-HFPS. 4-t-butyloxycar- 
bonyloxyphenyl phenyl l-HFPS, 4-t-butyloxycartxDnylphenyl phenyl l-HFPS, 4-t-butyloxocarbonyl methyleneoxyphenyl 
phenyl l-HFPS. 4-phenylthiophenyl phenyl l-HFPS. 3-methoxycart)onylphenyl phenyl l-HFPS. 2-naphthyl phenyl I- 
HFPS. 9-anthryl phenyl l-HFPS, thienyl phenyl l-HFPS, and onium salts wherein S-HFPS of the above compounds 
have been replaced witfi sulfonium nonafluorobutane sulfonate, and onium salts wherein l-HFPS of the above com- 

45 pounds have been replaced with iodonium f tuorotxitane sulfonate. 

[0037] The onium salt precursor, which generates a f luorinated alkanesulfbnic acid, may be synthesized by various 
processes. For example, the suHbnium salt may be synthesized by a process described in Y. ErKlo. K. Shudo, and T. 
Okamato, Chem. Pharm Bull.. 29, 3753 - 3755 (1981). and by the same process described in a synthesis example 
described in J.V. Crivello andil.H.W. Lam. Macromolecules. 10. 1307 - 1315 (1977), 

so [0038] The onium salt precursors, which generate f luorinated alkanesulfonic acids, may be contained alone or as a 
mixture of two or more in the composition according to the present Invention. 

[0039] According to the composition of the present invention, the amount of the onium salt precursor added, which 
generates a f luorinated alkanesulfonic acid, may be properly determined in such an amount range as will provide the 
effect of the onium salt pecursor. In the case of the positive-working ch mically amplified radiation sensitive composi- 
55 tion. th amount of the onium salt precursor added is preferably about 0.1 to 30 parts by weight, more preferably about 
0.5 to 1 5 parts by weight, based on 100 parts by weight of the film forming hydroxystyrene based resin present in the 
compositi n. On the other hand, in the case of the negative-working chemically amplified radiation sensitive composi- 
tion, the amount of the onium salt precursor added is preferably about 0.1 to 30 parts by weight, more preferably about 
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0.5 to 1 5 parts by weight, based on 1 00 parts by weight of the film forming hydroxystyrene based resin present in the 

[OW»r*°if required, the onium salts precureof of the present invention, which generate fluorinat«l alkanesulfonic 
acids may be^ed in combination wrth other PAGs. Preferable PAGs are those which can maint^n transiency 
of the (a) positive-working or (b) negative-working chemically amplified radiation sensrtn/e ^^^^f^'^^^J^ 
S^aveleXparticularly Sear 365 nm. 248 nm. or 193 nm. As a general feature, suitable add.tona^ PAGs shodd pro- 
TeS preferably sulfonic acids, which have a boiling point above 1 50» C, Examples ofprefeired PAGs include ^• 
fraSc sulfonium salts or iodonium salts. Examples thereof include siJfonium or .odon.um «mphor suttona^ 
^Lroriodonium2.4.fimethylben2enesulfb^^^^^ 

SrJafluorobenzenesulfonates. 1-anthrylsulfonates. or 9.10<fimethoxyanthrylsulfonates. Espeaally P^^^^d me the 
SuLiodonium2^crylamido-2-methy«-1-propanesulfonates.CM^^^ 

^»^le diazonium salts, ammonium salts, phosphonium salts, selenonium salts, or ^-^^Jf "t^^-^'f ^ P^"/ 
3v!onionic PAGs include o-nitrobenzyl sulfonates, aryl sulfonates. bis-[(2.2.2-trrfluoro-1-alkyteulfonyloxy)-1-tnf luor- 
omethvlethyn-benzenes. bis-l{2.2.2-trHluoro-1-arylsulfonylQxy)-l-trifluorome1hylethyl]-benzenes. o . o -as- 
; ^^SS^o^^^. « « *is-(^kylsulfbnyOd«zomethanes.a. -^'^'t-^ 

-a^cart^nyTa -arylsulfonyldiazomethanes. a -arylcarbonyl- a -arylsulfonylmetlianes. a ■^Vd"^^'"^^^^" ^^^^ 
fonates. oximesu«onates. iminosuHonates. and N-sulfonyloxy pyridones. Espec-aliy P^«'«"«? ^^T^^ 
onium salts of the present invention with a. a *isKarylsulfonyl)diazomethanes a a . a -bis-(alkylsulfbnyl)diazometh- 

anes as non-ionic PAGs. 

(h) Rim forming hvdroxvs< yrBne based resIn 

100411 The composition according to the present invention comprises afHm fomiing fiydroxystyrene ^sed r^. 
\hefilm fbrming hydroxystyrene based resin refers to a polymer of 4-hydroxystyrene S-hydrcBc^yrene. Z-Mra^- 
s iyL-oraco^ta^squSeV-orpentapoiymerofthestyrenesand^^^ 

SStions or properties are required of the film forming hydroxystyrene based resin dependng upon whether the 
chemically amplified radiation sensitive composition is of positive-working type or negative-working type. 

(i) MJhara rh ^mifiallv amplif iflri radiation se ng»ivs r.omoosifion is of positive wkinq IVP? 

" [00421 vvhenthechemicailyamplifiedradiationsensttivecompositionofthepresentinventi^^ 

tSoe he film forming hydroxystyrene based resin is made alkali insoluble by protecting alkali soluble groups on the 
SnSmralcleUbie?o.;ctivegroup.Aax,rdingtoapr^^^^^ 

x^rene based resin has multiple acid deavaWe (preferably pendant) CX)-C or CO-S. groups and is made alkah insol- 
35 ubie by protecting alkali soluble groups on the resin by the acid deavaWe protective groups. 

SwMSl Aocordingtoapreferredembodimentofthepresentinvertion.thehydroxystyrenebasedresinte^ 

rwUt^eJgedl000toabout10O.000withthe^^^^^^ 

eraWv a molecular weight in the range of 2,000 to 20.000 with the polydispersity being not more than 2.20. 
S Adding to a preferred embodiment of the present irwention. the transmission pe[ '"crometer Mm thK*- 
40 nessithehydroxysVenebasedresinisgenerallybetterthan50%atirradiationwavelength.^^ 
rS^CpSXacidcleavablegrot?«.inastanda«laqueousal^^^^^ 
rnu^hSSfsrC is preferably ^ve 5.0)0 angstrom/n^a 

the other Lnd. the hydroxystyrene based resin protected by acid cleavable fl/^^P^.^^^ ^i^i^^^'^^ 

the solubility thereof in the same standard aqueous alkaline devetoper solution is preferably less than 800 ang- 

45 strom/min, more preferably less than 400 angstrom/min. «a.-^«K«e«<r««in 
[00451 According to the composition of the present invention, the base skeleton of the hydroxystyraie based resin 
s not pamcularly Bmited and may be properly determined by taWng into consideration applicatons ^J^^^"^^ 
rSon wavelength for exposure, production conditions, chemical compositton and the like. Aca.rd»ig to a P^r«l 
embodiment of the preseTnvention. exanples of hydroxystyrene based resins usable herein ^^^-P^^^^ 

so ystSie): poly-O-h^roxystyrene): poly.(2.hydroxystyrene); and copolymers of 4-. 3-. o-.^i^V^oxysJrrene wji dher 
monomi parSculariy bipolymers and terpolymers. Examples of other ™"<r«^"f^«;nrkJ. 
acetoxystyrene 4-. 3-. or 2-alkoxystyrene. styrene. a -methylstyrene. 4-. 3-. or 2-alkylstyrene. 3-alM-4-hydroiqrstyrene. 
3?5XXlrcWene. 4- 3-. or 2-chlorostyrene. 3-chloro-4-hydroxystyrene. 3,5-dichloro-4-hydroxysVrene. 3- 
bfo^XrX^yJ^e. 3.5-dtoromo-4-hydroxystyrene, .nylbenzyl chlorde, ^-iniJnapWh^er^ v^ar^^^^^ 

55 vinylanilline. vinylbenzoic acid, vinylbenzoic acid esteis. N-vinylpyrrolidone. 1-vinyl.mida«)le. 4-. or Z-v-i^W^-ne. 1- 
Ly^.2^yrr;idinone. N-vinyl lactam. 9-vinylcarbazole. vinyl benzoate. acrylic add and its ^envatves ^e^me*^^^^^ 
ylaie a^ itsderivath.es, acrylamide and its derivatives, methacrylic acid and rtsderivatves ..e. -"ethyf mem«.^ate 
and itsderivmives.methacrylamide and itsderivatives.aaylonitrile.methacrylonitrile.4^nyl benzoic aad and itsder^ 
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atives, i.e. 4-vinyl benzoic acid esters. 4-viny!phenoxy acetic acid and its derivatives, i.e. 4-vinyIphenoxy acetic acid 
esters, maleimide arxJ its derivatives. N-hydroxymaleimide and its derivatives, maleic anhydride, maleic/fumaric acid 
and their derivatives, i.e. maleic/fumaric acid ester, vmyltrimethylsilane. vinyltrimethoxysilane. or vinylnortx)rnene and 
its derivatives. Another examples of preferred other monomers usable herein include isopropenylphenol. propenylphe- 

5 nol. poly-(4-hydroxyphenyl) (meth)acrylate, poly-(3-hydroxyphenyl) (meth)acrylate. poly-(2-hydroxyphenyl) (meth)acr- 
ylate. N-(4-hydroxyphenyt) (meth)acrylamide, N-(3-hydroxyphenyl) {meth)acrylamide, N-(2-hydroxyphenyl) 
(meth)acrylamide, N-(4-hydroxybenzyl) (meth)acrylamide, N-(3-hydroxybenzyl) (meth)aaylamide, N-(2-hydroxyben- 
zyl) (meth)acrylamide. 3-(2-hydroxy-hexafluoropropyl-2)-styrene, and 4-(2-hydroxy-hexafluoropropyl-2)-styrene. 
[0046] As described above, when the chemically amplified radiation sensitive composition is of positive-working 

10 type, the hydroxystyrene based resin is made alkali insoluble by protecting alkali soluble groups on the resin with an 
add deavable protective group. The introduction of the protective group may be carried out by an proper method 
depending upon alkali soluble groups on the resin, and could be easily can-ied out by a person having ordinary skill in 
the art. 

[0047] For example, when the alkali soluble group on the resin is a phenolic hydroxyl group, the phenolic hydroxy! 

15 groups present in the resin are partly or fully protected by an acid labile protective group, preferably by one or more pro- 
tective groups which form acid cleavable C-O-C or CO-Si bonds. Exanples of protective groups usable herein include 
acetal or ketal groups formed from alkyi or cycloalkyi vinyl ethers, silyl ethers formed from suitable trimethylsilyl or t- 
butyl(dimethy1)silyl precursors, alky! ethers formed from methoxymethyl, methoxyethoxymethyl, cyclopropylmethyl. 
cyclohexyi. t-butyl, amyl. 4-methoxybenzyl, o-nitrobenzyl. or 9-anthrylmethyl precursors, t-butyl carbonates formed from 

20 t-butoxycarbonyl precursors, and carboxylates formed from t-t)utyl acetate precursors. 

[0048] When the alkali soluble group on the resin is a cart)0xyl group, the cartxixyl groups present on the resin are 
partly or fully protected by an acid labile protective group, preferably by one or more protective groups which form ackj 
cleavable C-O-C or C-O-Si bonds. Examples of protective groups usable herein include alkyI or cycloalkyi vinyl ethers 
and esters formed from precursors containing methyl, methyloxymethyl. methoxyethoxymethyl, benzyloxymethyl. phen- 

25 acyl. N-phthalimidomethyl, methylthiomethyl. t-butyi, amyl, cyclopentyl, l-methylcydopentyl. cydohexyl. 1-methylcy- 
clohexyl, 2-oxocyclohexyl, mevalonyl. diphenylmethyl, a-methylbenzyl. o-nitrobenzyl, p-methoxybenzyl. 2,6- 
dimethoxybenzyl. piperonyl. anthrylmethyl, triphenylmethyl, 2-methyladamantyl, tetrahydropyranyl, tetrahydrofuranyl, 

2- alkyl-1.3-oxazollnyl. dibenzosuberyl, trimethytsllyi. or t-butyldimethylsilyl group. 

[0049] According to the present invention, the above resins may be used alone or as a mixture of two or more. 
30 [0050] The hydroxystyrene based resin is especially useful for exposure with i-line (365 nm) or DUV (248 nm) radi- 
atbn, e-beam, ion beam or x-rays. 

[0051] According to a preferred emtxxliment of the present Invention, some of the PAGs (photoacid generators) 
desaibed at>ove are especially suitable for exposure with VDUV (193 nm) radiation, as they exhibit excellent absorption 
characteristics at this specific wavelength. 

35 [0052] Examples of hydroxystyrene based resins suitable for VDUV (193nm) applications Include co- or terpoly- 
mers of (meth)acrylates with acid-deavable protective groups and methyl (meth)acrylate, isobornyl (meth)acrylate. 
adamantyl (meth)acrylate, norbornyl (meth)acrylate, tricyclo[5.2.1.0.^^decanyl (meth)acrylate. or menthyl (meth)acr- 
ylate. co- or terpolymers of maleic acid anhydride with noitx)rnene. 5.6-dihydrodlcyclopentadiene. or 1 ,5-cydooctadl- 
ene derivatives as disclosed in EP 794.458A1, or copolymers with polyalkytoydic compounds, such as 8-methyl-8- 

40 carboxy tetracydo[4.4.0.1.^^.1.^^°]dodecene, 8-methyl-8-methoxycartx)nyl tetracyclo[4.4.0.1.^ ^.1.^^°] dodecene, 5- 
methyl-5*methoxycartx)nyl bicyclo[2.2.1] hept-2-ene, or 8.9-dicartx)xylic anhydride tetracycio [4.4.0.1 .^^.1 7-^^ dodec- 

3- ene as disdosed in EP 789,278A2 and WO 97/33.198. 

[O053] According to a preferred embodiment of the present invention, when the positive-working radiation sensitive 
composition according to the present invention may contain a dissolution Inhbitor. According to the present invention, 
45 the dissolution inhibitor per se is not an essential component of the composition which creates good lithographic per- 
formance. However, the dissolution Inhibitor is often useful for improving specific properties of the positive-working radi- 
ation sensitive composit'on. 

[0054] Examples of preferred dissolution inhibitors usable herein include polymer, oligomer, or monomer com- 
pounds having at least one add cleavatrfe C-O-C or C-O-Si groups. According to the present invention, oligomers or 

50 low-molecular weight compounds having a molecular weight of not more than 3,500, particularly not more than 1,000, 
are preferred. More specific examples of dissolution inhibitors usable herein Include monomer or oligomer compounds 
having 1 to 10 phenolic hydroxyl groups which are partly or fully protected by a protective group having add cleavable 
C-O-C or C-O-Si bonds. Protective groups, which provide such bonds, include acetal or ketal formed from aliphatic or 
alicydic vinyl ether, silyl ethers formed from suitable trimethylsilyl ort-butyl(dimethyI)silyl precursors. alkyI ethers formed 

55 from methoxymethyl. methoxyethoxymethyl, cyclopropylmethyl, cydohexyl, t-butyl. amyl. 4-methoxyben2yl, o-nitroben- 
zyl, or 9-anthrylmethyl precursors, t-butyl cart)onates formed from t-butoxycarbonyl precursors, and t-butyl or related 
phenoxyacetates formed from t-butyl or related acetate precursors. Further specific examples of dissolution inhibitors 
usable herein indude monomer or oligomer confounds having 1 to 6 cartx3xyl groups which are partly or fully protected 
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methoxyethoxymethyl. benzyloxymethyl. phenacyl. N-pWhaBmidomethyl. methylthiomethyl. t-butyl. amyl. cydopentyl. 
1-methylcyclopentyl cyclohexyl. 1-methylcyclohexyl, 2-oxocyclohexyl. mevalonyl. diphenylmethyl. a-methylbenzyl. o- 
s nitrobenzyl. p-methoxybenzyl. 2.6-dimethylbenryl. piperonyl. anthrylmethyl. triphenylmethyl. 2-methyladamantyl. tet- 
rahydropyranyl. tetrahydrofuranyl. 2-alkyl-1.3-oxazolinyl. dbenzosuberyl. Irimethylsilyl. or t-butyWimethylalyl group. 
[0055] Further exanples of preferred dissolution inhibitors include the following compounds: 

1 those having at least one orthocarboxylate or orthocaiboxyamide-acetal groups, with the option to be pdymwic 
10 in nature and for the said groups to appear as litjidng elements in the main chain or as side^iiain substituents (DE 
2.361 0.842 and DE 2,928.636); . ,r,c/,oAC'»io 

2. digomeric or polymeric compounds having recurring acetal or kelal groups in the man chain (DE 2.306.248 ana 

DE 2 71 8,254) i 

3. compounds having at least one enol ether or N-acyliminocarbonate group (EP 0.006.626 and 0.006.627); 
IS 4. cydic acetals or ketals of b-ketoesters or -amides (EP 0.202,196); 

5. compounds having silyl ether groups (DE 3.544.165 and DE 3.601 .264); 
6 compounds having silyl enol ether groups (DE 3.730.785 and DE 3.730.783) ; 

7. monoacetals or monoketals whose aldehyde or keto component has a soliisility in the developer between O.l 
and 100 g/l(DE 3.730.787): 

20 8. ofigomer or pdymerN.O-acetals (US 5.286.602): ..^coc.c.ox m 

9. monomer or polymer acetals with t-butyloxycarbonyl groups (US 5,356.752 and US 5.354,643); ana 

10. monomer or polymer acetals with sulfonyloxy groups (US 5,346.804 and US 5.346.806). 

[0056] These dissolution inhibitors may be added alone or as a mixture of two or more to the composition. 

( ii ) WhPf ft fihftmicallv amplHlad radiation «ensHive comoosition is of negfltive-workinq type 

[0057] When the radiation sensitive composition of the present im^ntion is of positive-working type, the composi- 
tion comprises an photoacid generator, a fBm forming alkali soluble hydroxystyrene based resin, and. in addition. 

30 optionally an acid-sensitive crosslinking agent. Specifically, when the resin is an acid-sensitive seK<r(»slinkable resin, 
the aosslinWng agent is unnecessary. On the other hand, when the resin is not self-crosslinkaWe. the compositon 
according to the present invention further comprises an add-sensifive crosslinking agent. 
mm According to a preferred embodiment of the present im/ention, in the negative-working radiation sensitive 
composition, the hydroxystyrene based resin has a mdecular weight in the range of 2.0O0 to 1O0.MO virth the 

35 poiydispersity being in the range of 1 .01 to 2.80. more preferably a mdecular weight in the range of 2.000 to 20.000 
with the pdydispersity being not more than 2.20. . » x , ^ ^ 

[00591 According to a preferred embodiment of the present invention, the transmission per miaometer film thick- 
ness of the hydroxystyrene based resin is better than 50% for light at irradiation waveletjgth. The solubifity of the resin 
in a water-sduble standard alkaline developer solution (2.38% tetiamethylammonium hydroxide) at 21*C is preferably 

40 above 1,000 angstrom/min, more preferably above 3,000 angstromAnin. 

[0060] Accoiding to the composition of the present invention, the base skeleton d the hydroxystyrene based resin 
is not particularly limfted and may be properly determined by taking into consideration applications of the compositioa 
radiation wavelength for exposure, production conditions, chemical composition and the like. According to a pref^red 
embodiment of the present invention, examples d hydroxystyrene based resins usable herein indude: poly-(4-hydiox- 

45 ysVrene); poiy.(3-hydroxystyrene); pdy-(2.hydroxystyrene); and copolymers of 4-. 3-. or 2-hydroxystyrene with other 
monomers particularly bipolymers and terpolymers. Examples of other monomers usable herein indude 4-. 3-. or 2- 
acetoxystyiene. 4-. 3-. or 2-alkoxyslyrene. styrene. a -methylstyrene, 4-. 3-. or 2-alkylstyrene. 3-alkyl-4-hydroxystyrene. 
35-dialkyl4-hydroxystyrene. 4-. 3-. or 2-dilorostyrene. 3-diloro4-hydroxystyrene. 3.5<fichloro-4-hydroxystyrene. 3- 
bronxM-hydroxystyrene. 3.5-diiromo-4-hydroxystyrene. vinylbenzyl chloride. 2-vinylnaphthalene. vmylanthracene. 

50 vinylanilline. vinylbenzoic acid, vinylbenzoic acid esters. N-vinylpyrrdWone. 1 -vinylimidazde. 4-. or 2-vinylpyridine. 1- 
vinyl-2-pyrrolidinone. N-vinyl ladam. 9-vinytearbazde. vinylbenzoate. acrylic acid and its denvatives. i.e. methyl acr- 
ylate and its derivatives, glyddyl acrylate. acrylamide and its derivatives, methacrylic add and its derivatives i.e. methy^ 
methacrylate and its derivatives, glyddyl methacrylate. capped 2-isocyanate ethyl methaaylate. methacrjrtamide and 
its derivatives, aaylonitrile. methacrylonitrile. 4-vinyl benzoic acid and its derivatives. i.e. 4-vinyl benzoic aad esters. 4- 

65 vinylphenoxy acetic add and its derivatives. i.e. 4-vinylphenoxy acetic acid esters, maleimide and its denvatives N- 
hydroxymaleimide and its derivatives, maleic anhydride, maleic acid and fumaric acid and their derivatives, i.e. maleic 
acid stars and fumaric acid esters, vinyftrimethylsilane. vinyltrimethoxysilane. or vinyl-norbornene and its <i^^^- 
Another examples of preferred other monomers usable herein indude isopropenylphend. propenylphend. pdy-(4- 
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hydroxyphenyO (meth)acrylate, poly-(3-hydroxyphenyl) (meth)aaylate, poly-(2-hydroxyphenyl) {meth)acrylate. N-(4- 
hydroxyphenyl) (meth)aaylamide, N-{3-hydroxyphenyl) (meth)acrylamide. N-(2-hydroxyphenyl) {meth)acrylamicle. N- 
(4-hydroxybenzyO {meth)acrylamide. N-(3-hydroxyben2yl) {meth)aaylamide. N-(2-hydroxybenzyl) (meth)acrylamide. 
3-(2-hydroxy-hexafluoropropyI-2)-styrene, and 4-(2-hydroxy-hexafluoropropyl-2)-styrene. 

5 [0061] According to the chemically amplified radiation sensitive composition of the present invention, the resin is 
either acid-sensitive self-aosslinkable or non-self-crossfinkabie. In the former, at least one acid-sensitive functional 
group is present in tlie resin. This acid sensitive group crosslinks the film forming alkali solutile hydroxystyrene based 
resin molecule through an add generated from the photoacid generator to render the resin alkali insoluble. On the other 
hand, the latter requires the presence of a crosslinking agent. This aosslinking agent crosslinks the film forming alkali 

10 soluble hydroxystyrene based resin through an acid generated from the photoacid generator to render the resin alkali 
insoluble. According to the present invention, the film forming hydroxystyrene based resin per se is not self-crosslinka- 
ble. However, at least one aosslinking portion of the crosslinking agent nfiay be introduced into the resin to render the 
resin seH-crosslinkable. 

[0062] According to a preferred embodiment of the present invention, examples of crosslinking agents usable 

15 herein include oligomers or monomers having at least two crosslinking portions. Various crosslinking agents of this type 
are known in the art. and the crosslinking agent may be properly selected by taking various conditions into considera- 
tion. Preferably, however, the aosslinking agent is selected teased on radiation wavelength for exposure. For example, 
resols are not very useful crosslinkers for DUV irradiation due to their high inherent absorption at this wavelength, but 
they may be employed when conventional NUV illumination systems are used. 

20 [0063] Examp)les of prefenred aosslinking agents usable herein include monomeric and oligomeric melamines/ibr- 
maldehyde and urea/ibrmaklehyde condensates as described in EP-A 133.216. DE-A 36 34 371 and DE 37 11 264. 
More preferred crosslinking agents are urea/formaldehyde derivatives which contain two to four N-hydroxymethyl. N- 
alkoxymethyl, or N-acyloxymethyl groups. In particular, the N-alkoxymethyl derivatives are suitable for use in the nega- 
tive-working chemically amplified radiation sensitive composition of the present invention. Urea derivatives with four N- 

25 alkoxymethyl groups are especially preferred because they provide better shelf life stability of the chemically amplified 
negative-wroWng radiation sensitive composition than derivatives with a smaller number of alkoxymethyl groups. The 
nature of the alkyi group in these derivatives is not particularly aitical in this connection, however, methoxymethyl 
groups are preferred. The urea/fbrmaldehyde compound may contain in addition to the methoxymethyl groups 
ethoxymethyl. propoxymethyl, or butoxymethyl groups or mixtures thereof. Also preferred are urea/fbrmakfehyde derlv- 

30 atives which contain two to six N-hydroxymethyf, N-alkoxymethyl, or N-acyloxymethyl groups. 

[O064] Melamine derivatives which contain on average at least three, in particular at least 3.5 alkoxymethyl groups 
are preferred because they provide better shelf life stability of the negative-working chemically amplified radiation sen- 
sitive conposition than derivatives with a smaller number of hydroxymethyl groups. The nature of the alkyt group in 
these derivatives is not particularly aitical in this connection, however, methoxymethyl groups are preferred. The mela- 

35 mine/formaldehyde compound may contain, in addition to the methoxymethyl groups, ethoxymethyl. propoxymethyl. or 
butoxymethyl groups or mixtures thereof. Mixtures of urea/formaldehyde compound and melamine/formaldehyde com- 
pound are particularly preferred. Before their use as crosslinking agents in negative-working chemically amplified radi- 
ation sensitive compositions, the above condensation products should be purified by recrystallization or distillation and 
any water present should be removed because traces of water have a negative impact on the sheK life stability of the 

40 negative-working chemically amplified radiation sensitive corrposition. Various melamine and urea resins are commer- 
cially available. Here reference is made to the products Cymel® (Mitsui Cytec), Nicalacs® (Semwa Chemical Co.). Plas- 
topal® (BASF AG), or Maprenal® (Clariant GmbH). 

[0065] Otiier suitable crosslinking agents are tiie resols disclosed in GB 2,082,339. Commercially available prod- 
ucts include Bakelite® R. or Kelrez®. Also useful are the crosslinking agents disclosed in EP 212 482, such as aromatic 
45 hydrocart>ons containing two or three alkoxymethyl, hydroxymethyl or acyloxymethyl groups. 

[0066] Ottier aosslinking materials indude di- or trifunctional carbonyl aldehydes and ketones, acetals. enolettiers. 
vinylethers. vinylesters, acrylates. methaaylates. epoxides, or divinylstyrene. 

[0067] When the crosslinking agents is introduced into the resin to render the resin self-aosslinkat)le, examples of 
crosslinking agents usable for^is purpose include copolymers with (meth)acrylmethoxymethylamide. (meth)aaylvinyl- 
50 , -alkenyi-. -allyl-, or alkynyl, esters, glycidyl (meth)acrylate or reactton products of 2-isocyanatoethyl methacrytate witii 
unsaturated alcohols or amines. 

(cl Other additives 

55 [0068] Botii the positive-working chemically amplified radiation sensitive composition and tfie negative-working 
chemical amplified radiation sensitive composition according to the present invention may further contain other per- 
formance improving additives such as dyes to adjust the mat rial absorption, plasticizers to reduce the brittleness of 
tile materia] film and to optimize ttie adh sion on the substiBte, surfactants to improve the material film uniformity, sen- 
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sitizers to amplify the quantum yield of the PAG, photospeed enhancers to increase the photosensitivity, solubility mod- 
ulators to inprove the contrast thermal radical generators to inprove the film hardness upon a hardbake, and basic or 
acidic latent Image stabilizers to improve the material stab'lity during its processing. 

(00691 Suitable dyes include e.g. aromatic diazoketone derivatives, such as 9-diazo-10-phenanthrone. 1 -diazo-2- 
5 tetralone, -naphthoguinone diazido-4-sulfonic acid esters, or o-naphthoquinone diazido-5-sulfonic esters, benzophe- 
none dervatives. Such as 2.3,4-trihydroxy benzophenone. or 2.2',4,4Metrahydroxy benzophenone. naphthalene, 
anthracene or phenanthrene derivatives, such as 9-(2-melhoxyethoxy)methylanthracene. 
[0070] Suitable plasticizers include e.g. terephthalic acid esters, such as dioctyl terephthalate, or poly glycols, such 
as polyethylene glycol. 

10 [0071] Suitable surfactants include nonionic surfactants, such as polyglycols and their derivatives, i.e. polypropyl- 
ene glycol, or polyoxyethylene laurylether. fluorine containing surfactants, such as Fluorad ™ (available from Sumitomo 
3M. Ltd.). Megafac ~ (available from Dainippon Ink & Chemicals, Inc.). Surf Ion (available from AsakI Glass Co., Ud.). 
or organosiloxane surfactants, such as KP341 (available from ShinEtsu Chemical Co.. Ltd.). 
[0072] Suitable sensitizers include e.g. thioxanthone, coumarin, or phenanthrene derivatives. 

1 5 (00731 Photospeed enhancers include e.g. polyphenol or benzotriazole derivatives, such as resadnd, catechol, or 
bisphend A. 

(00741 Sdubility modulators include difunclional vinyl ethers, such as 2.2'-bis(vinyloxyethoxyphenyl)propane or 

tris(viny!oxyethoxyphenyl)ethane.difunctional (meth)acrylates, such as ethylene glycol di{melh)acrylate. 

[0075] "mermal radical generators indude peroxides, such as t-butyl perbenzoate. or dicumyl peroxide, or azo-com- 

20 pounds having a scorch temperature above 100^*0. 

[00761 Basic latent image stabilizers indude amines, such as tribenzylamine, dicydohexylamine, or trieth- 
anolamine. nitrogen containing heterocycles. such as lutidine. dimethylaminopyridine, pyrimidine. ammonium com- 
pounds, such as tetramethyl ammonium hydroxWe, tetrabutyl ammonium hydroxide or tetramethyl ammonium lactate, 
or nitrogen containing polymers, such as polyvinylpyridine, or polyvinylpyridine-co-methylmethacrylate. 

25 [00771 Of spedal interest as latent image stabilizers are suKonium derivatives, such as triphenyl sulfbnium hydrox- 
ide, trphenyl suHbnium acetate, or triphenyl sulfonium lactate. Acidic latent image stabilizers include e.g. salicylic add. 
Sax ™ (poiysalicylic acid derivatives avaBaUe from Mitsui Chemical K.K.), 4-dimethylamino benzoic acid or ascoibic 
acid. 

[00781 Although the amount of these additives added may be appropriately determined, it is preferably about 
30 0.0001 to 10 parts by weight based on unit weight of the chemically amplified radiation sensitive composition. 

[0079] According to the most prefen^ed embodiment of the present invention, the positive-working chemically ampli- 
fied radiation sensitive composition comprises 

(1) 0. 1 to 30 parts by weight of the sulfbnium or iodonium salt of a fluorinated alkanesulfonic acid represented by 
35 fdmula (1). 

(2) 100 parts by weight of the film forming hydroxystyrene based resin having multiple acid cleavaWe CO-C or C- 
0-Si bonds, 

(3) 0 to 50 parts by weight of the dissolution inhibitor having at least one acid cleavaUe C-O-C or CO-Si bond; and 

(4) 0.01 to 5.0 parts by weight of the performnace improving additive. 

40 

[0080] Further, the negative-working chemically amplified radiation sensitive composition comprises 

(1) 0. 1 to 30 parts by weight of the sulfbnium or iodonium salt of a fluorinated alkanesulfonic acid represented by 
formula (I). 

45 (2) 100 parts by weight of the hydroxystyrene based resin, 

(3) 3 to 70 parts by weight of the add-sensitive crosslinking agent, and 

(4) 0.01 to 5.0 parts by weight of the performance improving additive. 

Use of the oomposition of the pfSent invention/radiation sensitive recordin g medium and production process thereof 

50 

[0081] The chemically amplified radiation sensitive composition according to the present invention is used as the 
so-called "photoresist" in applications where the composition is coated on various substrates, and the coated sub- 
strates are exposed to render latent images alkali sold3le or alkali insduWe, followed by rinsing with an alkali to fam 
predetermined patterns on the substrates. 
55 [O082] Thus, according to one aspect of the present invention, there is provided a radiation sensitive recording 
medium comprising: a substrate; and a radiation sensitive layer provided on the substrate, the radiation sensitive layer 
comprising the composition according to the present invention, 

[00831 The composition according to the present invention may be coated, either as such or after dissolution in var- 
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ious solvents, onto the substrate. Examples of preferred solvents include ethylene glycol and propylene glycol and the 
monoalkyl and dialkyi ethers derived therefrom, especially the monomethyl and dimethyl ethers and the monoethyl and 
diethyl ethers, esters derived from aliphatic (C^ - Ce) carboxylic adds and either (Ci - C8)-alkanols or (C^ - Caj-alkan- 
dtols or (Ci - C6)-alKoxy-(Ci - C8)-alkanols, such as ethyl acetate, hydroxyethyl ac tate, alkoxyethyl acetate, n-butyl 

5 acetate, amyl acetate, propylene glycol monoalkyl ether acetate, especially propylene glycd monomethyl ether acetate, 
propylene glycol monomethyl ether, ethyl lactate, ethyl pyruvate, ethers such as tetrahydrofuran and dioxane. ketones 
such as methyl ethyl ketone, methyl isobutyl ketone, methyl amyl ketone, cyclopentanone, and cydohexanone, N.N- 
dialkylcarboxyamides such as N.N-dimethylfbrmamide and N,N-dimethy!acetamide. and also 1-methyl-pyrrolidin-2-one 
and butyrolactone as well as any desired mixture thereof. Among them, the glycol ethers, aliphatic esters and ketones 

10 are preferred. 

[0084] Ultimately, the selection of the solvent or solvent mixture depends on the coating process used, on the 
desired layer thickness and on the drying conditions. The solid content of the solution Is preferably about 5 " 60% solids, 
particularly about 10 -50% solids. 

[0085] The composition according to the present invention may be coated onto the substrate by any method without 
15 particular limitation, and the coating method may be property selected by taking into consideration purposes and the 
like. 

[0086] According to a prefen-ed embodiment of the preserrt invention, the chemically amplified radiation sensitive 
composition of the present invention is used as a photoresist material on a semiconductor substrate Examples of sub- 
strates referred to herein include all those materials for production of capacitors, semiconductors, multi-layer printed clr- 

20 cuits or integrated circuits. Specific mention should be made of silicon substrates, silicon oxide, silicon oxynitride. 
titanium nitride, tungsten nitride, tungsten silidde, aluminum, phosphor-spln-on glass, boron-phosphor-spln-on-glass. 
gallium arsenide, indium phosphide, and the like. In addition, these substrates may be coated with tiiin films of organic 
antireflective coatings consisting of organic polymers and a dye absorbing at the exposure wavelength. Furthermore, 
suitable substrates are those known from the production of liquid-crystal displays, such as glass or indium tin oxide, and 

25 also metal plates and sheets, as well as bimetallic or trimetallic sheets or electrically non-conducting which are coated 
with metals or paper. These sut)sti'ates may be thermally pretreated. superficially roughened, incipiently etched orpre- 
treated with chemicals to improve desired properties, such as inaease of the hydrophilic nature, or to inprove adhesion 
between the photoresist and the substrate. Preferably used adhesion promoters for silicon or silicon oxide substirates 
are adhesion promoters of the aminosilane type, such as hexametiiyldisilazane. or 3-aminopropyltriethoxysilane. 

30 [0087] The chemically amplified radiation sensitive composition according to the present invention may also be 
used as radiation sensitive coatings for the production of photochemical recording layers, such as printing plates for let- 
terpress printing, including lithographic printing, screen printing and flexographic printing. Especially useful is their 
application as radiation sensitive coatings on aluminum plates, which have been surface grained, anodicady oxidized 
and/or silicatized. and zinc or steel plates, which have optionally been chromium plated, and paper or plastic sheets. 

35 [0088] Further, the chemically amplified radiation sensitive composition according to the present invention may be 
used in the manufacture of tiiree dimensional microdevices, such as micro actuators, micro gears, and the like using 
fabrication techniques known to tiiose skilled in the art. such as the LIGA process. 

[0089] The (a) positive-working or (b) negative-working chemically amplified radiation sensitive compositions 
according to the present invention is coated onto a substrate followed by drying to form a layer having a thickness of 

40 about 0.1 to 100 ^m. preferably about 0.3 to 10 ^m. depending upon applications. 

[0090] Thereafter, the coated siijstrate is exposed to actinic radiation. Suitable radiation sources are conventional 
broadband radiation sources, such as metal halide lamps. cart}on arc lamps, xenon lamps and mercury vapor lamps, 
which may be filtered to yieki narrow band emission, or exdmer lasers, such as KrF excimer lasers, or ArF lasers, but 
also electron beams, ion beams, or x-rays. Particularly preferred are KrF exdmer lasers, or ArF lasers emitting at 248 

45 nm and 193 nm. respectively, and electron beams as well as x-rays. 

[0091] Further, according to another aspect of the present invention, ttiere is provided a process for producing a 
recording medium, comprising the steps of: dissolving ttie composition of the present invention in a solvent; coating the 
solution onto a substrate to form a radiation sensitive layer; and removing tiie solvent by evaporation. 
[0092] According to thisrwspect of ttie present invention, the chemically amplified radiation sensitive composition 

so may be coated onto the substrate by spray coating, flow coating, roller coating, spin coating, dip coating or the like. 
Thereafter, the solvent is removed by evaporation to leave the radiation sensitive layer as a f Om on tiie substrate. The 
removal off the solvent can be achieved by heating the film to about 150'C. Alternatively, a metiiod my be used which 
comprises coating ttie radiation sensitive composition onto an intermediate substrate material by the above method and 
then transferring the coating onto a contemplated substrate by pressure, heat or a combination of pressure with heat. 

55 All materials suitable as substi-ate materials may be used as materials for the intermediate substrate. Thereafter, the 
layer thus formed is exposed image by innage. After the exposure, tiie layer is heated at 60 to ISO^'C for 30 to 300 sec 
in order to sensitize the latent image. 

[0093] The layer is then treated with a developer In the development, in the case of tiie positive-working radiation 
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sensitive composition, the exposed regions are dissolved and removed, while, in the case of the negative-working radi- 
ation sensitive composition, the unexposed regions are dissolved and removed. 

[0094] As a result, images of the master, which has been exposed Image by image, are left on the substrate. The 
heating of the layer before the development step increases the sensitivity of the recording material according to the 
5 present invention and is essential to produce extremely fine patterns. If the heating step is carried out at temperatures 
which are too low. adequate sensitivity of the material is not achieved, or, depending on the activation energy of the 
chemically amplified reaction, complete failure of the image formation may be obsewed. If the selected temperature is 
too high, inpairment of the resolving power may result. 

[00951 Suitable developers are aqueous solutions which contain hydroxides, particularly hydroxides of tetraalkyi 
10 ammonium ions, such as tetramethyl ammonium hydroxide. Other developers include the aqueous solutions containing 
aliphatic amines, or N-containing heterocydes. or silicates, metasilicates. hydrogenphosphates. and dihydrogenphos- 
phates. carbonates or hydrogen carbonates of alkali metals, alkaline earth and/or ammonium ions, and also ammonia 
and the like. Developers free of metals useful for miaoelectronic device manufacturing are described in USP 4.1 41 ,733, 
USP 4.628.023. or USP 4.729.941 , or EP-A 23.758, EP-A 62,733 and EP-A 97. 282. and these developers may also 
IS be used. The content of these substances in the developer solution is in general about 0. 1 to 1 5% by weight, preferably 
about 0.5 to 5% by weight, based on the weight of the developer solution. Developers which are free of metals are pref- 
erably used. Small amounts of a wetting agent may be added to the developer in order to facilitate the stripping of the 
soluble portions of the recording layer. 

20 EXAMPLES 

[0096] The present invention will be described in more detail with reference to the following examples, though it is 
not limited to these examples only 



25 Synthesis Example 101: 

Preparation of diphenyl 4-t-butyiphenyl 3,3.3.2.1 .1-hexafluoropropane sulfonate (PAG 101) 

[0097] A column having a length of 55 cm and an inner diameter of 5 cm was packed with 700 g of Amberlyst A-26 
30 (tradename) dispersed in methanol in its chloride form. 3.000 ml of methanol was added to 3.000 ml of a 54% aqueous 
solution of tetramethyl ammonium hydroxide. This alkali solution was used to convert the chloride form of the Amberlyst 
ion-exchange resin to its hydroxide form. - 

[0098] The column was then washed with methanol until the solution withdrawn from the column became neutral. 

[0099] 39.93 g (0. 1 mol) of diphenyl 4-t-butylphenyl bromide viras dissolved in about 50 ml of methanol. The solution 
35 was passed through the column by elution with methanol at a rate of 30 ml/hour. 

[0100] The eluate was monitored using a potentiometer and occasionally tested for the absence of bromide ions 

using an aqueous silver nitrate solution. Next, the concentration of the hydroxyl group was determined by titration with 

0.1 N HCI. The yield of diphenyl 4-t-butylphenyl hydroxide was about 100%. The solution was acjusted to 1.0 mmol/g 

diphenyl 4-t-butylphenyl hydroxide. 
40 [0101] With stirring, to 500 g (50 mmol) of the diphenyl 4-t-butylphenyl hydroxide was added dropwise 10.45 g (50 

mmol) of freshly 3.3,3.2,1. 1-hexafluoropropane sulfonic acid diluted with 50 ml of methanol at room temperature. The 

mixture was stirred at room temperature for 24 hours. The solvent was removed by evaporation. 

[0102] The oil (27,5 g (about 100%)) thus obtained was crystallized to give pure diphenyl 4-t-butylphenyl 

3.3.3.2,1. 1-hexafluoropropane sulfonate. 
45 [01 03] The purity was measured by HPLC and found to be > 99%. 

^H-NMR (CDCI3): 1.44 (s. 9H.4-t-butyl), 5.23 • 5.41 (d[m]. 1H. CHF). 7.62 - 7.78 ppm (m. 14H. aromatic). ^ 
-^Synthesis Example 102: ^ ' \ \ 

Preparation oftriphenylsulfonium3.3.3,2,1.1-hexafluoropropane sulfonate (PAG 102) /O "^p U U • 

- i5 r n F 

[0104] 91 .03 g (0.45 mol) of diphenyl sulfoxide was dissolved in 1 300 ml of benzene in a 2-liter three-neck round- 
bottom flask equipped witti a stirrer, a thermometer, a dropping funnel, a condenser, and a nitrogen inlet. The mixture 
55 }Nas cooled to 4^C with vigorous stirring. A solution of 189.0 g of (0.90 mol) trifluoroacetic anhydride and 104.4 g (0.45 
mol) of 1 ,1 ,1 .2,3,3-hexaf luoropropane sulfonic acid was added dropwise ther to, while the temperature was maintained 
under ice cooling. After completion of tiie addition, the mixture was stirred for 1 hour. 

[0105] The temperature was returned room temperature, followed by stirring for additional 15 hours. After standing 
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overnight, two separate phases were formed. The upper phase was removed and discarded. The oily bottom phase of 
approximately 500 ml volume was dropped into 2000 ml of diethyl ether, upon which a semi-crystalline deposit was 
formed. The ether was decanted, and the precipitate was dissolved In a minimum amount of dchloromethane. The 
solution was added dropwise to 1000 ml of vigorously stirred diethyl ether to reprecipitate the product. 
5 [0106] After completion of the addition, stirring was continued for 2 hours. After the solid was separated from diethyl 
ether, this procedure was repeated once more to enhance the crystallinity of the product. The mixture was filtered, and 
the semi-aystals were collected yielding 165.0 g of crude sulfonium salt. The melting point of the crude sulfonium salt 
was 104- WC. 

[0107] Depending on the purity, the crystals can be either recrystallized from ethyl acetate or dissolved in the min- 
10 \vnum amount of dichloromethane and purified by column chromatography on silica gel using a 95 : 5 dichloromethane- 
methand mixture to perform purification. The first fractions containing unreacted diphenyl sulfoxide were discarded. 
After collection of the main fractions, the solvent was evaporated to leave 135.5 g (yield 60.9%) of triphenyl sulfonium 
3.3,3,2. 1,1-hexafluoropropane sulfonate as white crystals {m.p. 111-1 12**C). 

15 ^H-NMR (CDQa): 6 = 5.24 - 5.41 (dim], 1H), 7.63 - 7.74 (m, 15H) ppm. 

[0108] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Example 103: 



20 

Preparation of tris-(4-t-butylphenyl) sulfonium 3.3.3.2,1,1-hexafluoropropane sulfonate (PAG 103): 




[0109] 48.1 8 g (0.15 mol) of bis-(4't-butytphenyl) sulfoxide (prepared from diphenyl sulfide and t-butyl bromide via 
FeCla catalyzed alkylation and subsequent oxidation with 2-chlorobenzoic acid) was dissolved in 400 ml of 4-t-butylben- 
25 zene in a Miter three-neck round-bottom flask equipped with a stirrer, a thermometer, a dropping funnel, a condenser 
and a nitrogen inlet 

[Oil 0] The mixture was cooled to 4**C with vigorous stirring. A solution of 63.0g (0.30 mol) of trifluoroacetic anhy- 
dride and 34.8g (0.15 mol) of 1.1.1.2.3.3-hexafiuoroproDane sulfonic aci d was added dropwise thereto^ while'the tem- 
p rature was maintained under tee cooling. After completion of the addition, the mixture was stirred for 1 hour. The 

30 temperature was returned to room temperature, followed by stirring for additional 15 hours. After standing overnight, 
two separate phases were formed. The upper phase was removed and discarded. The oily bottom phase of approxi- 
mately 150 ml volume was diluted with 800 ml of diethyl ether, and washed twice with water and a sodium bicart>onate 
solution. The organic phase was dried over MgS04. After removal of tiie solvent a semiaystalline solid was obtained. 
The semicrystalline solid was recrystallized from diethyl ether. 

35 [Oil 1] Thus, white crystals of tris-(4-t-txitytphenyl) sulfonium ^.3,3,2,1 .1 -hexaf luoropropane sulfonate (42%) (m.p. 
238 - 240^C) was obtained. 

^H-NI^R (CDQa): 6 = 1.34 (s, 27H), 5.32 - 5.53 (d[m]. 1H). 7,62 - 7.65 (d. 6H). 7.68 - 7.71 (d, 6H) ppm. 

40 [01 1 2] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Exanrples 104 to 108: 

[0113] The following sulfonium salts were prepared in substantially the same manner as in the above synthesis 
45 examples (PAQs 1 04 - 1 08). 

Tris-(4Hfnethylphenyl) sulfonium 3,3,3.2.1. 1-hexafluoropropane sulfonate (PAG 104): 

^H-NMR (CDCI3): &-^2.42 (s, 9H). 524 - 5.41 (dim], 1 H), 7.43 - 7.45 (d. 6H), 7.51 - 7.53(d. 6H) ppm. 

50 



The purity was determined by HPLC analysis and found to be > 97%. 
4-Methylphenyl^iphenyl sulfonium 3,3.3.2,1. 1-hexafluoropropane sulfonate (PAG 105): 




55 1 H NM R (CDCI3): 8 = 2.45 (s. 3H), 5.24 - 5.40 (d[m]. 1 H), 7.44 - 7.46 (d. 2H), 7.51 - 7.53 (d, 2H), 7.63 - 7.76 

(m, ION) ppm. 
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The purity was determined by HPLC analysis atxl found to be > 97%. 
Bis-(4-methylphenyl)phenyt sulfonium3.3.3.2.1.1-hexafluoropropane sulfonate (RW3 106) 

<H-NMR (CDCI3): 8 = 2.43 (s. 6H). 5.23 - 5.40 mi 1H). 7.44 - 7.46 (d, 4H). 7.52 - 7.54 (d. 4H). 7.65 - 7.78 
(m. 5H) ppm. 

The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-t-buty*)henyl)phenyl su!fonium3,3.3^.1.1-hexafluoropropane sulfonate (PAG 107) 

^HNMR (CDCI3): 8 = 1 .34 (s. 18H). 5.32 - 5.54 (d[m]. 1H). 7.63 - 7.79 (m, 13H) ppm. 
4-Cyclohexyiphenyl-diphenylsulfonium3.3.3.2.1,1-hexafluoropropane sulfonate (RAG ICQ 

<H-NMR (CDCI3): 8 = 1.12-1 .74 (m. 10H). 2.41 - 2.43 (m. 1 H). 5.28 - 5.50 (d[ml. IH). 7.24 - 7.27 (d. 4H). 7.63 
- 7.79 (m,9H) ppm. 



Synthesis Example 109: 

» Prepafationdtris-(44)utoxypheny08ulfonium3A3.2,1.1-hexafluoropropanesulfona^^ 109) 

[01141 Toa stirred solution d 60.0 g (0.164 mol) of bis-(4+butoxyphenyl) sulfoxide in 26.89(0.34 mol) of 
and 400 ml of telrahydroluran was dropped 75.6 g (0.34 moD of trimethylsilyl 3.3.3.2.1.1-hexafluoropropane sulfonate 
while keeping the temperature below -5-C with a salted ice bath. After completion of the addition, the '^f^^^"^' 
25 aturewasraisedto5«C.followedbystWngfor20minutes.AC3rignarfsdutlonwasprepar^^^^ 

magnesium, 100 g of tetrahydrofuran and 68.6 g (C.38mol) of 4-t-butoxy chlorobenzene. and added dropwise to the 
abwe solution at O'C. The mixture was stirred for 2 hours at this temperature. Then water was added to decompose 
the excess Grignaid reagent, and the inorganic sails were removed by filtration. The solution was concentrated to about 
160 ml and extracted withamixture of 1200 mlddichtorometfiane.600gofasaturated aqueous solution of ammo^^ 

30 chloride and BOO ml water. The organic phase was washed twice with water and dried. TTie solvent was removed to 
yield an oily pioducl which was then purified by column chromatography on silica gel using dichloromethane as the elu- 
Lit Thus. tris-(4*utoxyphenyl) sulfonium3.3.3Z1.1-hexafluoropropanesulfon«^ 

SmS^ ^""fhl arSlure was confined by ^H-NMR (CDCy with 8 - 1.42 (s. 27H). 5.14 - 552 (d[ml. IH). 7.17 ■ 7.20 (d. 
35 6H) and 7.55 -7.60 ppm (d.6H). 

Synthesis Example 110: 

Preparation of tris-(4-t-butoxycarbonylmethoxyphenyO sulfbnium 3.3.3.2.1 .1-fiexafluoropropane sulfonate (PAG 1 10) 

101161 A solution of 56.8 g (O.OSmol) of tris-(4-butoxyphenyl) sulfonium 3.3.3.2.1.1-hexafluoropropane sulfonate 
Imd 1 86 g (0.008 moD of 3.3.3.2.1 .1-hexafluorop.opane sulfonic acid in 200 ml of ethanol was ref^^^^ 
stirring After evaporation of the solvent, the obtained cnide product of tris-(4-hydroxyphenyl) sulfonium 3.3jW.1/l-hex- 
afluoropropane sulfonate (yield about 100%) was dissolved in 160 g of N.N^imethyHormamide and reacted wrth 5S4 

45 g (0 40 moo of anhydrous potassium cartxinate and 60.3 g (0.40 mol) of t-butyl chloroacetate at 80°C for 3 hours. The 
cooled reaction mixture was poured into 700 ml of water and extracted with dicWoromelhane. The organic phasewas 
washed with water and dried. The solvent was removed. The oily residue was purified by 
silica gel using a dichtoromethane and methanol as the eluent. The white product was collected to yield 31.8 g (yield 
45 %) of analytically pure tris-(^-butoxycarbonylmethoxyphenyl) sulfbnium 3.3.3.2.1.1-hexafyoropropane sulfonate. 

so The melting point of the product was 78''C. The ^H-NMR spectrum gave the following signals 

(CDCI3): 6 = 1. 45 (S.27H). 4.56 (S.6H). 520 -5.56 (d[ml. IH). 7.10- 7.13 (d.6H). 7.55 - 7.60 (d.6H). 
Synthesis Example 111: 

Preparation of p-oxocydohexyl 2-norbornyl methyl sulfonium 3.3.3.2.1.1-hexafluoropropane sulfonate (PAG 111) 
[01171 To a solulton of 14.14 g (0.106 mol) of 2<hlorocyclohexane in 100 ml of ethanol was added dropwise 50 ml 
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of a 15% solution of methylmercaptane sodium salt. The mixture was stirred for 3 hours. Then 600 ml water was added, 
and the mixture was extracted with dichloromethane. The organic phase was dried, and the solvent was removed to 
yield crude p-oxocyclohexyl methyl sulfide, which was purified by distillation (b.p. 45 - 47*0/0.3 mmHg). 
[01 181 2.0 g (15.6 mmol) of this product was dissolved in1 0 ml of nitromelhane and added dropwise with 20 g (1 14 

5 mmol) of 2-bromonorbornane and stired at room temperature for 1 hour. 

[01 19] After that, a solution of 1 .89 g (1 5.6 mmol) of silver 3,3.3.2. 1 .1 -hexaf luoropropane sulfonate dissolved In 400 
ml of nitromethane was added dropwise to the reaction mixture and stirred for three hours at room temperature. The 
silver bromide was removed by filtration. The filtrate was concentrated to 50 ml, and then added dropwise to 600 ml of 
diethyl ether. The predpltated solid was collected, washed with ether and recrystallized from ethyl acetate. The yield of 

10 p-oxocyclohexyl 2-nort)ornyl methyl suHonium 3.3,3.2.1.1 -hexaf luoropropane sulfonate was 1.67 g. 

^H-NMR (CDQa): 6 = 1.33 - 2.28 (m. 16H), 2.30 - 3.10 (m, 5H). 3.65 - 3.77 (m. 1H). 4.95 - 5.53 ppm (2m, 2H). 
Synthesis Example 112: 

75 

Preparation of bis-(4-cyclohexy^)henyl) iodonium 3,3,3.2.1,1 -hexaf luoropropane sulfonate (PAG 1 12) 

[0120] A 500 ml three-neck round bottom flask equipped with a stirrer, a thermometer, a dropping funnel, a con- 
denser, and a nitrogen inlet was charged with 43 g (0.20 mol) of potassium iodate, 69.2 g (0.43 moQ of cydohexylben- 

20 zene and 43 ml acetic anhydride. 

[0121] The mixture was cooled to -5°C. A mixture of 43 ml of acetic anhydride and 30.1 ml concentrated sulfuric 
acid was added dropwise thereto with vigorous stirring. During the addition, the reaction temperature was kept below 
S^'C. After the end of the addition, the temperature of the reaction solution was returned to room temperature over a 
period of 2 to 3 hours. The resulting mixture was left for 48 hours and cooled to 5*^0. 100 g of a 1 : 1 ice/water mixture 

25 was added with stirring. During this operation, the reaction temperature was kept below 1 0^'C. 

[01 22] Precipitated crystals of potassium salts were removed by filtration, and the mixture was extracted twice with 
petroleum ether. To the remaining aqueous solution was added dropwise 45 g of ammonium bromide dissolved in 100 
ml water with stirring. 

[01 23] The precipitate of bis-(4-cyclohexylbenzene)iodonium bromide was isolated by filtration, washed, and dried. 

30 [0124] 15.26 g (28.5 mmol) of the bromide was dissolved in 100 ml of dichloromethane and 7.3 g (34,2 mmol) of 
1,1.1 ,2,3, 3-hexaf luoropropane sulfonic acid was added. The mixture was stirred at reflux for 6 hours. Hydrogen bromide 
evolved. After cooling, the reaction mixture was washed twice with a 2.5% aqueous solution of tetramethyl ammonium 
hydroxide and then dried. The solvent was then removed. The yellowish residue was recrystallized from an isopropa- 
nol/isopropyi ether mixture to give 12.2 g (63 %) of bis-(4-cydohexylphenyl) iodonium 3,3.3.2,1. 1-hexafluoropropane 

35 sulfonate. This product had a melting point of 97®C. 

^H-NMR (CDCI3): 6 s 1. 12 - 1 .76 (m, 20H). 2.41 • 2.44 (m, 2H). 4.96 - 5.18 (m, 1 H). 7.16 - 7.19 (d. 4H). 7.78 - 7.81 
(d,4H) ppm. 

40 [01 25] The purity was determined by HPLC analysis and found to be > 97%. 
Synthesis Examples 113-115: 

[0126] The following sulfbnium salts were synthesized in sut»stantially tiie same manner as in tiie above synthesis 
45 examples (PAGs 113 - 115). 

Diphenyl iodonium 3.3.3.2. 1.1 -hexaf luoropropane sulfonate (PAG 113) 

"•H-NMR (CDCI3): 6:^4.98 - 5.20 (d[m]. 1H). 7.61 - 7.78 (m, 10H) ppm, 

so 

Bis-(4-methylphenyl) iodonium 3.3.3.2. 1.1-hexafiuoropropane sulfonate (PAG 1 14) 

^H-NMR (CDCI3): 6 = 2.42 (s. 18H), 4.96 - 5.18 (d[m], 1H). 7.41 - 7.43 (d, 4H). 7.50 - 7.52 (d. 4H) ppm. 
65 Bis-(4-t-butylphenyl) iodonium 3,3.3,2, 1 . 1 -hexaf luoropropane sulfonate (PAG 1 1 5) 

^H-NMR (CDCI3): 6 = 1.34 (s. 18H). 5.00 - 5.22 (d[m], H). 7.62 - 7.65 (d, 6H). 7.68 - 7.71 (d. 6H) ppm. 
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Synthesis Example 116: 

Preparation of 4-methyIphenyJ phenyl iodonium 3.3.3.2.1 .1-hexafkioropropane sulfonate (PAG 1 16) 

101271 To a stilted suspension of 4.40 g (20 mmoO of iodosylbenzene in 100 ml of dichloromethane was added 
droDwise 4 64 g (20 mmol) of 3.3.3.2.1.1-hexafluoropropanesulfonic add at O'C under exclusion of moistura The mix- 
ture was stirred at room temperature lor 2 hours. The temperature was returned to O'C again. 1^ mg (20 mmol) of 
toluene was added dropwise. After the addition, stirring was continued at room temperature for additonal 1 hour^The 
solvent was evaporated. The oily residue was dissolved in diethyl ether. After cooPng. crystals of 4-methylphenyl phenyl 
iodonium 3.3.3.2.1 .1 -hexaf luoropropane sulfonate were obtained. The crystals were washed with hexane. 
[0128] Hie yield was 5.2 g. 

iH-NMR (CDCb): 8 = 2.43 (s. 3H). 4.98 - 5.18 (dN. 1H). 7.42 • 7.44 (d. 2H). 7.52 - 7.54 (d. 2H). 7.61 - 7.78 (m. 
5H)ppm. 

Synthess Example 117: 

Preparation of bis-(4-buloxyphenyl)phenyl suKonium 3.3.3.2.1.1-hexafluoropropane sulfonate (PAG 1 17) 

[0129] To a stirred solution of 60.0 g (0.174 mol) of bis-(4-t-t)utoxyphenyl) sulfoxide in 26.8 g (0.34 md) of pyridine 
LxJ 4O0 ml of tetrahydrofuran was dropped 75.6 g (0.34 moO of trimethylsilyl 3.3.3.2.1.1-hexafluoropropane sulfonate 
wWletoeping the solution temperaturebelow-5-CwithasaHed(sodiumchlaide) ice balh^^Aftw^ 

tion the reaction temperature was raised to 5»C. followed by sfiiring for 20 minutes. A Gngnard 'f^f'l^f^'^ 
p?iaV«l from 8.4g(034md)dshavedmagne8ium.100gof tetrahydrofuran 

ar^added dropwise to the above solution at O-C. The mixture was stirred for 2 hours at m temperature. Thji water 
was added to decompose the excess Grignard reagent. The inorganic salts were removed by filtration. The solufton was 
concentrated to about 1 60 ml and extracted with 1200 ml of dichloromethane. 600 g of a saturated soluton of ammo- 
nium chloride and 600 ml of water. The organic phase was washed twice wrth water and ^'^d; The solv^ was 
r moved to yield an oily product which was applied to column chromatography on silica gel using dichloromethane as 

[OlsT'^The^'lSonding fractions were combined and concentrated to obtain bis-(4-buloxyphenyl)phenyl sutto- 
Lmi3.3.2.1.1-hexafluorcpropane sulfonate asaslightly yellowish powder(ni^p. 10^^^ 
by^H-NMR(CDa3)with8- 1.42 (s. 18H). 5.32 - 5.54 (d[ml. 1H). 750- 7.23 (d. 4H). and 7.63 - 7.79 ppm (m. 9H). 

35 Synthesis Example 118: 

Preparation of bis-(4-methylphenyl)4-cyclohexylphenyl suHonium 3.3.3.2, 1.1-hexafluoropropane sulfonate (PAG 118) 

[01311 A mixture of 10.36 g (4.5 mmd) of ditolyl sulfoxide with 7.21 g (4.5 mmol) of 4-cyclohexylben2ene was 
placed ina125 ml flask. Then 20 ml ofapreviously prepared phosphorus pentaoxMeAnetanesuto^^^ 
oared by dissolving 36 g of phosphorus pentaoxWe in 360 g of methanesuKonic acid) was added thereto while shmng 
«W,an«gneticstirrer. The mixturewas heated to about SO-C.Thus.adark brown soluti^^ 
thermic reaction ceased, the mixture was stirred at 45-C for additional 3 hours. TJie temperature was J^n 'efcimed to 
room temperature, and the mixture was poured into 100 ml of water and 100 g of ice. The sjhtly J^ended «)lubon 
45 was filtered, followed by addition of 1 0.44 g (4.5 mmol) of 3.3.3.2.1 .1 -hexaf luoropropane sulfonic acid to yie^d a white 
oil Theoil wasstirredfor 1 hour, and 200 ml of ethyl acetate was added thereto. The mixture was extract^. The organic 
phase was washed several times with water, and then dried. The solvent was removed bf «''s»«at«|»nJheoihr r«idue 
was recrystallized from ethyl ac^ and diethyl ether to give 1 1.5 g of the contemplated matenal. The structure was 
confirmed by 

^H-NMR {CDCI3) with 6 = 1 .08 - 1 74 (m. 10H). 2.41 - 2.43 (m. 7H). 5.27 - 548 (d[m]. 1H). 7.16 - 7.19 (d. 2H). 7.43 
- 7.46 (d. 4H). 7.50 - 7.53 (d. 4H). and 7.78 - 7.80 ppm (d. 2H). 



40 
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[01 321 The purity was detemiined by HPLC analysis and found to be > 97%. 
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Synthesis Example 119: 

Preparation of tris-(4-chlorophenyl) sulfonium 3,3.3.2, 1.1-hexafiuoropropane sulfonate (PAG 1 19) 

5 [0133] A mixture of 1 3.56 g (5.0 mmol) of 4.4*Kjichlorophenyl sulfoxide with 5.63 g (5.0 mmol) of 4-chlorobenzene 
was placed In a 1 25 ml flask Then 20 ml of a previously prepared phosphorus pentaoxide/metanesulfonic acid reagent 
(prepared by dissolving 36 g of phosphorus pentaocide in 360 g of methanesulfonic acid) was added thereto while stir- 
ring with a magnetic stirrer. A slight exothermic reaction occurred. The system was further heated at 55°C for 6 hours. 
This resulted in significant color development. The system was then cooled to room temperature. 
10 101 341 The reaction mixture was poured into 1 00 ml of water and 100 g of ice. The slightly suspended solution was 
filtered, followed by addition of 11 .6g (5.0 mmol) of 3,3.3,2. 1,1 -hexafluoropropane sulfonic acid to yield a yellow oil. The 
oil was stirred for 1 hour, and 200 mi of dichloromethane was added thereto. The mixture was extracted. The organic 
phase was washed several times with water, and tiien dried. The solvent was removed by distillation. The oily residue 
was recrystallized from ethyl acetate to give 6.5 g of the contemplated material. The structure was confirmed by ^Ki- 
rs NMR (CDCI3) with 8 ^ 5.25 - 5.52 (d[m], 1 H). 7.32 - 7.43 (d. 6H). and 7.63 - 7.74 (d, 6H) ppm. 
[01 35] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Example 120: 

20 Preparation of tris-(t-butoxycartx)nyloxyphenyl) sulfonium 3,3.3,2.1 ,1 -hexaf luoropropane sulfonate (PAG 120) 

[0136] 56.8 g (0.08 moQ of tris-(4-butoxyphenyl) sulfonium 3,3, 3,2, 1,1 -hexaf luoropropane sulfonate (Synthesis 
Example 1 10) and 1 .86 g (0.008 mol) of 3.3.3.2,1 ,1 -hexaf luoropropane sulfonic acid were dissolved in 200 ml of etha- 
nol. The solution was heated under reflux for 8 hours with stirring. After removal of the solvent by distillation, tiie 

25 obtained crude product of tris-(4-hydroxyphenyl) sulfonium 3,3,3.2, 1 ,1 -hexaf luoropropane sulfonate (yield about 100%) 
was dissolved in 160 g of N.N-dimethylformamide and reacted with 55.4 g (0.40 mol) of anhydrous potassium carbon- 
ate and 60.3 g (0.40 mol) of di-t-buty! dicartxDnate at 20°C for 3 hours. The reaction solution was poured into 7O0 ml of 
water and extracted with dichloromethane. The organic phase was washed with water and dried. The solvent was 
removed by distillation. The oily residue was purified by column chromatography on silica gel using a dichloromethane 

30 and methanol as the developing solvent. The white product was collected to yield 31 .8 g (yield 45 %) of analytically pure 
tris-(4-t-butoxycarbonylmethoxyphenyl) suHbnium 3.3,3,2, 1.1 -hexaf luoropropane sulfonate. The melting point of the 
product was 78°C. The ^H-NMR spectrum gave the following signals (CDCy: 6 = 1 .45 (s. 27H). 5.30 - 5.56 (d[m]. 1H). 
7.10 - 7.13 (d. 6H). 7.55 - 7.60 (d. 6H). 

35 Synthesis Example 121: 

Preparation of 4-methylphenyf dimethyl sulfonium 3.3.3.2.1,1 -hexafluoropropane sulfonate (PAG 121) 

[0137] Amixtureof 7.81 g(10.0mmol)ofdimethylsuH6xidewith9.21 g(10.0mnrK)l)oftoluenewasplacedi 
40 ml flask. Then 40 ml of a previously prepared phosphorus pentaoxide/metanesulfonic acid reagent (prepared by dis- 
solving 36 g of phosphorus pentaoxide in 360 g of methanesulfonic acid) was added thereto while stirring with a mag- 
netic stirrer. A slight exothermic reaction occurred. The system was stirred at room temperature for 6 hours. The 
reaction mixture was poured into 150 ml of water and 150 g of ice. The stightiy suspended solution was filtered, followed 
by addition of 23.2 g (10.0 mmol) of 3,3.3.2.1. 1-hexafluoropropane sulfonic acid to yield a colorless oil. The oil was 
45 Stirred for 1 hour, and 200 ml of dichloromethane was added thereto. The mixture was extracted. 

[01 38] The organic phase was washed several times with water, and then dried. The solvent was removed by dis- 
tillation. The oily residue was recrystallized from isopropyl alcohol to give 6.5 g of the contemplated material. The struc- 
ture was confirmed by ^H-NMR (CDCI3) with 6 = 2.41 (s. 3H), 3.46 (s. 6H), 5.32 - 5.56 (dim], 1H). 7.42 - 7.45 (d, 2H). 
7.50 - 7.53 (d. 2H) ppm. 
so [01 39] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Example 122: 

Preparation of 4-hdroxy-3,5-dimethylphenyl diphenyl sulfonium 3.3.3.2. 1.1 -hexaf luoropropane sulfonate (PAG 122) 

55 

[0140] A mixture of 1 3.56 g (5.0 mmol) of diphenyl sulfoxide with 5.63 g (5.0 mmol) of 4-hydroxy-3.5-dimethyIben- 
zene was placed in a 125 ml flask Then 20 ml of a previously prepared phosphorus pentaoxide/rnetanesulfonic acid 
reagent (prepared by dissolving 36 g of phosphorus pentaoxide in 360 g of methanesulfonic add) was added thereto 
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while stirring with a magnetic stirrer. A slight exothermic reaction occurred. The system was further heated at 55»C for 
6 hours. This resulted in signHicant color development. TTie system was then cooled to room temperature. 
[0141] TTie reaction mixture was poured into 100 ml of water and 100 g of ice. The slightly suspended solution was 
filtered. foOowed by addrtion of 1 1 .6 g (5.0 mmol) of 3.3.3.2.1 ,1-hexafluoropropane sulfonic acid to yield an yellow oil. 
5 The oil was stirred for 1 hour, and 200 ml of dichloromethane was added thereta The mixture was e)ctracted. The 
organic phase was washed several times wHh water, and then dried. The solvent was reiTWved by distillation. The oily 
residue was recrystallized from ethyl acetate to give 6.5 g of the cortemplated material. The structure was confirmed 
by ^H-NMR (CDCI3): 8 = 2.33 (s. 6H). 5.34 ■ 5.51 (dN. 1H). 7.35 (s. 1H). 7.41 (s. 1H). 7.63 - 7.79 ppm (m. 10H). 
[01 42] The purity was determined HPLC analysis and found to be > 97%. 

10 

Synthesis Example 123: 

Preparation of 2-phenylcaibonylmethyl dimethyl sulfonwm 3.3,3.2.1, 1-hexafluoropropane sulfonate (PAG 123) 

IS 10143] 18. 13 g (100 mmol) of 2-phenylcarbonylmelhyl dimethyl chloride was dissolved in 350 ml of chloroform, and 
24.36 g (105 mmol) of 3.3.3,2.1 .1-hexafluoropropane sulfonate was added to the solution. The mixture was refluxed for 
6 hours During the reflux, hydrogen chloride was wolved. The reaction mixture was cooled, extracted with water, and 
dried The solvent was removed by distillation. The resultant soOd was purified by recrystaOizalion from isopropanol and 
diisopropyl ether. The structure was confirmed by ^ H-NMR (CDCI3): 6 = 3.44 (s. 6H). 5.88 (s, 2H). 5.34 - 5.54 (d[m]. 1H) 

20 7.62 - 7.70 ppm (m.5H). 



Synthesis Example 124: 

Preparation of di-(4-t43utyloxyphenyl) iodorium 3.3.3,2.1 .1-hexafluotopropane sulfonate (PAG 124) 

[0144] 6.2 g (0.11 mol) of potassium hydroxide was dissolved in 250 ml of ethanol. 27.2 g (0.05 moO of bis-(4- 
hydroxyphenyliodonium) 3.3.3.2.1.1 -hexafkioropropane sulfonate (prepared from a metathesis reaction of chloride) 
was added to the solution. The mixture was stin-ed for 3 hours. The solution was then heated to 50»C. and 15.1 g (0.1 1 
mol) of t-butyl bromide was added dropwise thereto. The mixture was heated under reflux for 6 hours. The precipitates 
were removed by filtratfon. The solvent was removed from the filtrate by distillation. The residue was dissolved in 250 
ml of ethyl acetate. The solution was washed several times with water, and then dried. The solvent was removed to 
obtain a yellow oil. The contemplated material was obtained by reayslalBzafion from diethyl ether. The structure was 
confrmed by ^H-NMR (CDCI3): 5 = 1.43 (s. 18H). 5.00 - 5.30 (d[m]. 1 H). 7.17 - 7.21 (d. 4H). 7.55 - 7.59 ppm (d. 4H). 



35 Synthesis Example 125: 

Preparation of di-(4-t-butylcarbonyloxymethyloxyphenyl) iodonium 3.3,3,2.1 .1-hexafluoropropane sulfonate (R^G 125) 

[0145] The title compound was obtained in siijstantially the same manner as in the above synthesis example, 
40 except that t-butyl bromide was replaced with an equal amount of HxJtyl bromoacetate. The structure was confirmed 
by ^H-NMR (CDOa): 

5-1.42 (s. 18H). 4.55 (s. 4H). 4. 94 - 5.18 (d[m]. 1 H). 7.10 - 7.14 (d. 4H), 7.56 - 7.60 ppm (d, 4H). 
45 Synthesis Example 126: 

Preparation of 4-t-butylphenyl phenyl iodonium 3.3.3.2.1. 1-hexafluoropropane sulfonate (PAG 126) 

[0146] 4.4 9 (20 tnmol) of iodbsylbenzene was suspended in 100 ml of dry dichtoromethane. The suspension was 
so cooled to 0*0 with stirring. 4.65 g (20 mmol) of 3.3,3.2.1 .1-hexafluoropropane suHbnic acid (optionally distilled) was 
added at the same temperature thereto under exclusion of moisture. The mixture was stined at room temperature for 3 
hours. The tenperature of the mixture was returned to O'C. and 2.68 g (20 mmol) of 4-t-butylbenzene was added 
thereto at that temperature. The temperature of the mixture was returned to room temperature, followed by stirring for 
6 hours. Thereafter, the insolubles were removed by filtrafon. The solvent was removed from the filtrate. The oily resi- 
55 due was purified by recrystallization (twice) from diethyl ether. The structure was confirmed by H-NMR (CDCI3) : 6 = 
0.81 (s. 9H). 4.98 ■ 522 (m[dl. 1H). 7.18 - 7.23 (d. 2H), 7.58 - 7.65 ppm (m, 7H). 



INSOOCID' <EP 10336Z4A1 I > 



22 



10 



15 



30 



EP 1 033 624 A1 

Example 101: 

[0147] A copolymer of 4-hydroxystyren and 4-t4xity!oxycart)onylstyrene was prepared by reacting monodisperse 
poly-4-hydroxystyrene with di-t-buty!carbonate. The copolymer had a molecular weight of 8.700 with a polydispersity of 
1.18 as determined by GPC using polystyrene as the standard. The molar ratio of 4-hydrQxystyrene : 4-t-butyloxycarb- 
onylstyrene was 7 : 3 as cx)ncluded from inspection of the NMR spectrum. This copolymer will be hereinafter often 
refen-edtoasTOLYIOI." 

[0148] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure: 

0 

9.8 g of the above copolymer, ^ ^ 

0.3 g of triphenyl sulfonium 3.3.3.2.1 ,1-hexafluoropropane sulfonate, ^ ^ T l4 F S 0\ 

0.02 of tetramethyl ammonium hydroxide, Q/ ^ j ^ \ ^ 

0.004 g of Megafac R-08 (tradename), and " 
64.2 g of propylene glycol monomethyl ether acetate. JZ/ \ 



[0149] The solution was filtered through a teflon filter having a pore diameter of 0.1 ^un, spin coated on a silicon 
wafer pre-coated with DUV- 18. an antireflective coating provided by Brewer Science at a film thickness of 1 15 nm (t)ake 
temperature: 200*'C). at 3.000 revolutions and dried at 90**C for 60 seconds on a hot plate to remove the solvent. Thus, 

20 a 0.72 ^m-thick thin film was obtained. 

[0150] The recording material thus ot>tained was imagewlse exposed using a mask providing lines and spaces pat- 
terns down to 0.10 nm per image with a DUV stepper Nikon NSR 2005 EX 10B. having a numerical aperture (NA) of 
0.55 during exposure and a coherence factor (a) of 0.55 with a dose of 18 mJ/cm^. The medium was baked at lOO'^C 
for 90 seconds to develop the latent image, and then processed at 23''C by puddle development with AZ MIF 300, a 

25 surfactant free developer containing 2.38% by weight of tetramethyl ammonium hydrodde provided by Clariant Japan 
K.K. A defect-free image of the mask with high edge stability was obtained, structures < 0.25 ym being resolved faith- 
fully to detail and the width ratio (linearity of the resist) of nominally equal lines/space structures being virtually constant 
in the range between 1.00 pm and 0.25 pm. The resist profile was almost vertical and very smooth, as neither edge 
roughness nor standing waves were obsen/ed. 



Example 102: ^ 



[0151] Radical copolymerization of 4-acetQxystyrene. styrene and t-butylmethaaylate was carried out in the pres- 
ence of 2.2-azo-bis-isobutyronitrile as a polymerization initiator, followed by hydrolysis of the acetate groups with an 

35 aqueous ammonium acetate solution to prepare a terpolymer of 4-hydroxystyrene. styrene and t-txjtyl methaaylate. 
The terpolymer fiad a molecular weight of 14.200 with a polydispersity of 1 .69 as determined by GPC using polystyrene ^ 
as the standard, and the molar ratk) of 4-hydroxystyrene : styrene : t-butylmethacryiate was 7 : 2 : 1 as determined by 
NMR. This polymer will be hereinafter often referred to as "POLY 102." The following ingredients were ml»d 
together to prepare a solution of a positive-workino chemicallv amolifliKLradiatipn sensitive composition suitable for 

40 DUV (248 nm) exposure: 

9.8 g of the above copolymer. i 

0.3 g of diphenyl iodonium 3,3,3,2, 1,1 -hexafluoropropane sulfonate. tHt iJt^ /^C ^/"^ 

0.03 g of triphenyl sulfbnium acetate, ^ -L ^ " r ^ s3> 

45 0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0152] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon wafer and baked for 60 sec- 
onds on a hot plate at 130°C1d yield a film thickness of 0.82 pm. The recording material was exposed in the same man- 
so ner as in Example 101 . The dose was 27 mJ/cm^. The film was then baked at 130**C for 90 seconds. 

[0153] Subsequent development as described In Example 101 resolved line and space patterns below 0.23 ^m. 
Rrom scanning electron miaoscope (SEM) inspection, it was concluded that the linewidth of isolated and dense lines 
was almost equal, i.e. the dense to iso bias was negligible. Isolated line patterns were resolved down to 0.16 ^m. 

55 Exanriple 103 and Comparative Examples 101 and 102: 

[0154] Radical polymerization of 4-t-butyloxystyrene was carried out in the presence of 2.2-azo-bis-isobutyronitrile 
as a polymerization initiator, followed by partial hydrolysis of the t-butyloxy groups with a concentrated aqueous hydro- 
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gen chloride solution to prepare 4-hydro)^tyrene with 1 2% d the t-butyloxy s^^^^^ 

ymer was then reacted with ethyl vinyl ether in the presence of p-toluenesullbnic acid as a catalyst to prep^ a 
Sym« dW(»cystyrene.4K1-ethoxyethoxy)styrene and 4-t-butoxystyrene. The terpolymer thus oblamedhad a 

!r^7arw1igZ2Tovv«h"aiolydfep^^^^^ 
5 themolarratioof4-hydroxystyrene:styrene:t-butyliTiethacrylatestyrenewasabout67.2.2M.^ H 

NMR This polymer will be hereinafter often referred to as "POLY 1 03." 

10155] TTie following ingredients were mixed together to prepare solutions of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure; 

10 9.8 g of the above copolymer. 

0 3 g (0 61 mmol) of triphenylsulfonium 3.3.3.2.1.1-hexafluoropropane sulfonate (Example 103). 

03 a (0 61 mmoD of triphenylsuHbnium camphor sulfbnate(Ck)mparative Example 101. ^ . ^ ^ 

0.25 9 (0.61 mmoO of triphenyl sulfoniumtrifluoromethane sulfonate (Comparative Example 102). hereinafter often 

referred to as "triphenylsulfonium trillate"), 
IS 0.02 g of triphenyl sulfonkim acetate, 

0.05 g of 9-anthramethyl acetate (DUV absorber). 

0.004 g of Megafac R-08 (tradename), and 

642 g of propylene glycol monometl^ ether acetate 

[01561 The solutions were fiftered. and spin-coated on three silicon wafers, which ha/e been precoated with oi 
SmenJLreflecdve coa«ng provWed by Clariant Japan K.K. at a film thickness '^J'/^^}^^''^ 
S^C). The resist films were baked for 60 seconds on a hot plate at 1 30'C to yidd^^ 
^1 571 The recording mataials were exposed as described in Example 101 (NA = 0.50. a - 0.50) and then baked 
at lOS'C for 60 seconds. 

25 [01581 Development was done as desaibed in Example 101. , m» 

[OlSl ThefoUowingresuftswereobtained(Table101:ratingwasaddedinparenthes»(1):=best.(2).ntemw^ 

(3) -poor): 
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so 



Table 101 





Example 103 


Comparative Example 101 


Comparative Example 102 


Dose(mJ/cni^ 


18(1) 


29(3) 


18(1) 


Dense Line Resolution 

im) 


0.18(1) 


0.26(3) 


0.18(1) 


Isolated Line Resolution 
(jxm) 


0.17(1) 


0.19(2) 


0.20 (3) 


Dense Line DOF@ 022 
nm((im) 


1.4(1) 


0.0(3) 


1.1 (2) 


Isolated UneDOF@ 0.22 
lim(|im) 


1.0(1) 


0.6 (3) 


0.7-0.8(2) 


Dense/iso bias @ 022 pm 
(pm) 


17(1) 


Ma (3) 


31(2) 



35 



40 



45 



SO 



Remarks: i ne aose is aeimeo as me cajjuoui c cn^iyj ^ ^^....^.^ ^ ^ u.*** ^«czi 

The dense line resolution is defined as the smallest equal fines and spaces patterns uPy '«Pf,oJ"<^«^^«^^*«^,22^ 
The isolated line resolution isddined as the smallest isolated linepattemwithodtopfilmlosso^ 
The dense line DOFisddinedTs the depth of focus of equal linesand spaces at ttetdose.TT.e.^^^^^^ 
defined as the depth of focus of isolated lines at that dose. The denseflso bias is defined as the hnewdth dff erenoe 
between dense lines and isolated lines at that dose. . . ^v.„u,^»h- 
These results dealy demonstrate that the resist material using the resist matenal of the present invention has the 
best lithographic performance among these three samples. 
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Example 104 and Comparative Examples 103 and 104: 

[01601 Monodisperse poly-4-hydroxystyrene (Nippon Soda Ca. Ltd.. Mw » 12.000. polydispersity = 1.16) was 
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reacted with 2-chIoroethyl vinyl ether In the presence of p-toluenesulfonic acid as a catalyst to prepar a copolymer of 
4-hyclroxystyrene and 4-(1-(2-chloroethoxy)ethoxy)styrene. The copolymer had a molecular weight of 13,700 with a 
polydispersity of 1.21 as determined by GPC using polystyrene as the standard, and the molar ratio of 4-hydroxystyrene 
: 4-(1-(2H;hloroethoxy)ethoxy)styrene was 7.1 : 2.9 as m asured by NMR. This polymer will be hereinafter often 
5 referred to as "POLY 104," 

[0161] The following ingredients were mixed together to prepare three solutions of a positive-working chemically 
anplified radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above copolymer, 
10 025 g of triphenyl sulfonium 3.3.3,2, 1 . 1 -hexaf luoropropane sulfonate (Example 1 04). 

0.25 g of triphenyl sulfonium triflate (Comparative Example 103). 

0.25 g of triphenyl sulfonium propane sulfonate (Comparative Example 104), 

0.03 g of triphenyl sulfonium acetate. 

0.004 g of Megafac R-08 (tradename), and 
IS 64.2 g of propylene glycol monomethyl ether acetate. 

[0162] The solutions thus obtained were filtered, spin coated on two HMDS treated silicon wafers each (total 6 
wafers), baked for 90 seconds on a hot plate at 1 lO^'C to yield a thin layer having a thickness of 0.75 ± 0.02 ^m. The 
recording material was exposed as desaibed in Example 1 01 (NA ^ 0.55. a = 0.55). The dose was as indicated in Table 
20 102. While one of each wafer was placed immediately on a hot plate and baked for 90 seconds at SO^'C (Test A), the 
second wafers were stored in the dean room for 60 minutes and then baked under the same conditions (Test B). Next, 
these wafers were developed as described in Example 101. The results are compiled in Table 102. 
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jim) 

Dense UneDOF® 0.22 
|im(|im) 
solatedUneDOF@0.22 
|im(|im) 
Dense/isobias@0.22Mn) 
nm) 

top 




1.4-1.5 
NonellT 



1.1 (2) 
0.6(3)0.7 

30^ 

NonelT 



1.1(2) 
-0.8(2) 

27^" 
NoneTT 



Test B(atter one hour) 
Dose (mJ/cm^ 



Dense Line Resdution 
Oim) 



Isolated Line Resolution 
(lun) 



Dense UneDOF® 0.22 
nm(tim) 

Isolated UneDOF@ 0.22 
nm(jim) 
Dense/iso bias® 0.22 pm 
(nm) 

Ttop 



Example 104 



0.17(1) 
1.4-1.5 
0.9(1) 

m 



None 



Comparative Example 103 



0.21 (2) 
(1)0.9(2) 
0.4(3) 

Yes. slight 



Comparative Example 104 



0.21 (2) 

0.6(3) 

0.6(2) 



Yes. medium 



ority in dimenstonal stability upon delay time changes (Test B). 



Exanple 105: 
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55 tied radiatton sensitive composition suitable for DUV (248 nm) exposure: 
9 8a of theabove copolymer. 

0.42 g of t^)utyloxycartx)ny^)henyl diphenyl suHonium 3.3.3.2.1. 1-hexafluoropropane sulfonate. 
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0.03 g of tri-n-octylamine, 

0.05 g of N.N-dimethylac tamide. 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

5 

[01 65] The solution was filtered, spin coated on a silicon wafer covered with a phosphor-spin-on-g!ass layer, which 
has been pretreated bake at ISC'C. and baked for 90 seconds on a hot plate at 1 15^*0 to yield a thin layer having a 
thickness of 0.65 ^m. The recording material was exposed as described In Example 101 (NA = 0.55, a = 0.71) using a 
mask with contact hole patterns down to 0.1 5 fim at a dose of 55 nrj/cm^ and baked for 90 secorxls at 120*C. 
10 [01 66] Next the material was developed as described in Example 101. 

[01 67] Scanning electron microscope (SEM) inspection revealed that the recording material resolved 0.20 ^m con- 
tact holes at a duty ratio of 1 : 1 with a usable depth-of-focus (DOF) of about 0.9 fim. The side walls of the contact holes 
were vertically, and virtually no footing was observed at the resist/substrate interface. 

IS Example 106: 

[0168] Monodisperse poly-4-hydroxystyrene (manufactured by Nippon Soda Co.. Ltd.. Mw = 8,000. polydispersity 
= 1 .09) was reacted with ethyl vinyl ether in the presence of p-toluenesulfonic add as a catalyst to prepare a copolymer. 
The copolymner was reacted with di-t-butylcartx>nate in the presence of triethylamine to prepare a terpolymer of 4- 
20 hydroxystyrene. 4-(1'ethoxyethoxystyrene) and 4-(t-butyloxycarbonyloxystyrene). The terpolymer had an average 
molecular weight of 1 0,200 with a polydispersity of 1 . 1 3 as determined by GPC using polystyrene as the standard, and 
the molar ratio of 4-hydroxystyrene : 4-(1 -ethoxyethoxy)styrene : 4-t-txityloxycartx)nyloxystyrene was 6.5 : 3.8 : 0.7 as 
measured by NMR. This polymer will be hereinafter often referred to as "POLY 106." 

[01 69] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
25 f ied radiation sensitive composition suitable for OUV (248 nm) exposure: 

9-8 g of the above terpolymer, 

0.35 g of bis-(4-cyclohexylphenyl) phenyl sulfonium 3.3.3,2.1, l-hexafluoropropane sulfonate, 
0.02 g of tetrabutyl amnrK>nium hydroxide. 
30 0.02 g of N.N-dicyclohexytamtne, 

0.004 g of Megafac R'08 (tradename), and 
64.2 g of ethyl lactate. 

[01 70] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon wafer and baked for 90 sec- 

35 ends on a hot plate at BS^'C to yiekl a thin layer having a thickness of 0.57 ^m. The recording material was exposed as 
described in Example 101 (NA = 0.55. a = 0.71) using a mask with contact hole patterns down to 0.15 ^m at a dose of 
55 mJ/cm^ and baked for 90 seconds at 1 20**C. 
[01 71 ] Next the material was developed as described in Example 101 . 

[0172] Exposure was performed as described in Example 101 using NA = 0.50 and a a-value = 0.60 at a dose of 
40 24 nfvJ/cm^. The material was baked for 90 seconds at 105''C, and developed with the surfactant-free developer of 
Example 101 for 60 seconds at 23°C followed by water rinsing. 

[01 73] The material resolved dense lines and spaces patterns down to 0. 1 9 pm and isolated lines down to 0. 1 6 \in\. 
The pattern shape was rectangular and no standing waves were observed. The DOF of the isolated patterns was larger 
than 1 .0 nm for 0.18 ^m features. 

45 

Examples 1 07 and 1 08: 

[0174] Radical copolymerization of 4-acetoxystyrene with 4-t-butylacrytate was earned out in the presence of 2.2'- 
azobis-(4-dimethoxy-2,4-dim^ylvaleronitrile) as a polymerization initiator, followed by hydrolysis of the acetate groups 

so with an aqueous ammonium acetate solution. A part of the hydroxy groups in the copolymer thus obtained were reacted 
with ethyl vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a terpolymer of 4-hydroxystyrene. 
4-(1-ethoxyethoxystyrene) and 4-t-butylacrylate. The terpolymer had an average molecular weight of 8,700 with a poly- 
dispersity of 1 .71 as determined by GPC using polystyrene as the standard, and the molar ratio of 4-hydroxystyrene : 
4-(1-ethoxyethoxy)styrene : 4-t-butylacrylate was 7,1 : 1 .8 : 1 .1 as measured by NMR. This polymer will be herein- 

55 after often referred to as "POLY 1 07." 

[01 75] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) and e-beam exposure: 
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9.8 g Of the above terpolymer. 

0.28 g of bis-(4-cycloh xylphenyl) iodonium 3,3.3.2.1.1-hexafluoropropane sulfonate, 
0.03 g of triphenyl sulfonium hydroxide. 
0.004 g of Megafac R-08 (tradename), and 
s 642 g of propylene glycol monomethyl ether acetate. 

[01761 The solution was filtered, spin-coated on two HMDS treated silicon wafers and baked on a hot plate for 90 
seconds at 1 1 0°C to yield a thin layer having a thickness of 0.53 tim. One of the recording materials was exposed with 
exdmer laser radiation provided by a Nikon NSR 2005 EX 10B stepper with an IMA := 0.55 and a coherence factor a - 
10 0 80 usinga maskwilh lines and spaces patterns down toO.10 (im at adoseof 27 tnJ/cnf. The other recording material 
was pattern-wise exposed with e-beam radiation provided from a JEOL JBXX 5DII operating at 50 keV with a spot size 
of 1 0 nm (no proximity correction) at a dose of 1 8.2 HC/cm^. The exposed wafers were placed on a hot plate and baked 
for 90 seconds at 1 20»C. The materials were then developed with AZ® I^IF 300. a surfeclant free developer containing 
2.38% by weight of tetramethyl amrrwnium hydroxide provided by Clariant Japan K.K. for 60 seconds at 23''C followed 

IS by water rinsing. » « 4« j - i »^ 

[0177] The excimer laser exposed material resolved dense lines and spaces patterns down to 0. 18 iim and isoiatea 
lines and spaces down to 0.14 ^m. The pattern shape was rectangular and only minor standing waves were observed. 
The DOF of the isolated patterns was larger than 1 .0 |im for 0.1 6 |im features. 

[01781 The e-beam exposed material resolved dense lines and spaces down to 0.16 jim and isolated lines down to 
20 0.1 1 »im. The DOF of the isolated patterns was larger than 1 .0 nm for 0.15 jim features. 

Examples 109 and 110: 

[01 791 A terpolymer of 4-hydroxystyrene. 4-(l-butoxyslyrene) and 4.t-biJtylcaibonylmethyloxy styrene was prepared 
25 by add hydrolysis of monodisperse poly-4-t-butoxystyrene to leave 15% of the butoxy groups intact A part of the 
hydroxy groups in the copolymer were reacted with t-butyl bromoacelale in the pressence of triethylamine as a catalyst. 
The terpdymer had an average molecular weight of 8,700 with a polydispersity of 1.06 as determined by GPC using 
polystyrene as the standard, and the molar ratio of 44iydroxystyrene : 4-(t-butQxystyrene : 4-t-butytearbonylo)(ystrene 
was 7.1 : 1 .4 : 1.5 as measured by NMR. 
so [018O] This polymer will be hereinafter often referred to as "POLY 108." 

[0181 1 The following ingredients were mixed together to prepare a solution of a positive^working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) and x-ray exposure: ^ 

9.8 g of the above terpolymer, 
35 0.2 g of bis-(t-butylcarbonylmethyloxyphenyl) iodonium 3,3.3,2,1 .1-hexafluoropropane sulfonate. 
0.15g of tris-(t-butylcarbonylmethyloxyphenyl) sulfonium 3.3,3,2. 1.1-hexalluoropropane sulfonate, 
0.03 g of tributylammonium pyrovate. 
O.0O4 g of Megafoc R-08 (tradename), and 
642 g of methyl amyl ketone. 

[01821 The solution was fiftered, spin-coated on two HMDS treated siOcon wafers and baked on a hot plate (90 
sec/1 OO'C) to yield a thin layer having a thickness of 0.72 nm. One of the recording materials was exposed with examer 
laser radiation provided by a Nikon NSR 2005 EX 10B stepper (NA = 0.55. o = 0.55) using a mask with lines and spaces 
patterns down to 0.10 (im at a dose of 25 mJ/cm?. The other recording material was patternwise exposed with x-ray 

45 radiation provided by a 0.6 GeV superconducting beam storage ring with a peak wavelength of 7.5 A using a Karl Suss 
XRS-200Q stepper with a proximity gap of 30 jim at a dose of 60 mJ/cm^. The x-ray mask had lines and spaces pattern 
down to 100 nm and was oonposed of 0.5 jim thid< W-Ti absorber on a 2.0 ym thid< SiC mentorane. The exposed 
wafers were baked tor 90 seconds at 1 lO'C and developed as described in Example 101. 
[01831 The exdmer laser exposed material resolved dense lines and spaces patterns down to 0.16 nm but the iso- 

50 lated lines were somewhat unstable and collapsed at geometries bekw 0.18 vm. The pattern shape was redangJar 
and only minor standing waves were observed. 

[01841 The DOF of the isolated patterns was larger than 1.0 nm for 0.16 jim features. 
[01851 The x-ray exposed material resolved dense lines and spaces down to 0.1 4 nm and isolated lines down to 
0.14 nm. At smaller geometries the patterns tended to collapse. The DOF of the isdated patterns was larger than 1.0 
55 (im for 0.1 5 nm features. 
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Example 111: 

[0186] The following ingredients were mixed together to prepare a solution of a positive-worldng chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure: 

5 

9.8 g of the terpolymer described in Example 107 (POLY 107), 

0.8 g of 4.4'-(1-methylethylidene) bis-[4,1-phenyleneo)(y acetic acid] di(1,1^!methylelhyl) ester, 
0.2 g of bis-(4-cyclohexylphenyl) phenyl sulfbnium 3,3.3.2.1. 1-hexafluoropropane sulfonate. 
0.03 g of triphenyl sulfonium hydroxide. 
10 0.05 g of a condensation product of 2 moles d-anthrylmethanol reacted with 1 mole toluene-1 .3-diisocyanate (DUV 
absort>er), 

0.004 g of Megaiac R-08 (tradename), and 

64.2 g propylene glycol monomethyl ether acetate. 

IS [0187] The solution was filtered, spin-coated on a HMDS treated silicon wafer and baksd on a hot plate (90 
sec/1 lO^'C) to yield a thin layer having a tNckness of 0.51 pm, exposed as desaibed previously (NA = 0.55) at a dose 
of 34 mJ/cm^. baked for 90 seconds at 120''C and developed. 

[0188] The material resolved dense lines and spaces patterns down to 0.16 fun and isolated lines down to 0.14 pm. 
The pattern shape was rectangular and only minor standing waves were obsen^ed. The OOF of the isolated patterns 
20 was about 0.8 m^ti for 0. 1 6 ^m features. 

Examples 1 12 and 113: 

[0189] 4-Hydroxystyrene, tetracyclododecyl methacrylate. t-butyl methacrylate and methacrylic acid 2-tetrahydro- 
^ pyranyt ester was radically polymerized in the presence of 2,2'-azobisOsobutyronitrile) as a polymerization initiator to 
prepare a quaterpolymer. The quaterpolymer had an average molecular weight of 13,200 with a polydispersity of 2.4 
as determined by GPC using polystyrene as the standard, and the molar ratio of the components was 1.5 : 3.5 : 2.5 : 
2.5 as measured by ^ H NMR. This polymer will be hereinafter often referred to as "POLY 109." 
[01 90] The following ingredients were mixed together to prepare a solution of a positive-working chemically anripli- 
30 fied radiation sensitive composition suitable for DUV (248 nm) exposure and VDUV (193 nm) exposure: 

7.8 g of the quaterpolymer described above. 

2.8 g of 4.4'-(1-methylethylidene) bis-[4,1-cyclohexyleneoxy acetic add] di(1.1-dimethylethyl} ester. 
0.2 g of bis-(4-cyclohexylphenyl) iodonium 3.3,3.2,1 .1-hexafluoropropane sulfonate. 
35 0,03 g of triethanolamine. 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0191] The solution was filtered, spin-coated on two silicon wafers pretreated with A2® KrF-2. a commercially avail - 
40 able antiref lective coating available from Clariant Japan K.K. baked for 90 seconds at 1 20''C to yield a thin layer having 
a thickness of 0,51 ± 0.02 ^m, and one wafer was exposed as described in Example 101 (NA = 0.55. a = 0,80) at a dose 
of 24 mJ/cm^. while the other wafer was exposed with an ISI ArF stepper with a NA 0.60 and a a » 0.75 at a dose of 
1 1 mJ/cm^. The exposed wafers were baked for 90 seconds at 125*C and developed. 

[0192] The KrF exdmer laser exposed material resolved dense lines and spaces patterns below 0.16 im, isolated 
4S lines down to 0.1 4 jim, but both with a slight tendency to form T-tops. The ArF excimer laser exposed material showed 
the same resolution and pattern characteristics as the KrF excimer laser exposed material, however, the DOF of 0.18 
^m lines exceeded that of the KrF exposed material by 25%. 

Examples 1 14-137: 

so 

[0193] The following radiation sensitive compositions were prepared and processed according to the steps indi- 
cated in Table 103. where 

"Polymer" denotes the polymer used, 
55 TAG" denotes the PAG (photoacid generator) used. 
"Disslnh" denotes the dissolution inhibitor used. 
"Base" denotes the basic additive used, 
"Solv" denotes the solvent used. 
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"Ratio" denotes the component ratio in parts by weight 

"Substrate" denotes the substrate to be coated with the radiation sensitive connposition. 
"PB" denotes the applied prebake conditions (temperature/lime). 
"FT denotes the film tNckness of the radiation sensitive composition. 
5 "Exposure Type" denotes the radiation wavelength employed (ArF = 193 nm excimer laser, KrF = 248 nm examer 
laser i-line = 365 nm quartz lamp, e-beam = 30 keV electron beams, x-ray = 1 .3 nm). 
"Dose" denotes the applied exposure dose (in mJ/cnf for ArF. KrF. Mine and x-rays and in nC/cm^ for e-beam). 
FEB denotes the applied post exposure bake conditions (temperatureAime), 

"Dev- denotes conditions for development (temperature/time) with an aqueous 2.38% tetramethyl ammonium 
10 hydroxide solution, 

"Res" denotes the resolution capability of dense 1 :1 lines and spaces. 

"Delay Stability" denotes the linewidth change < 10% upon delay between exposure and post exposure bake, 
-Prof He Angle" denotes the angle between the substrate and the skJewall of 0.25 |im line patterns, and 
"DOF" denotes the depth of focus of dense 0.25 ^m lines. 
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[01 941 Ttie following abbreviations were used for the ingredients shown in the table. 
POLY 101 to POLY 109 = see the above examples 
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POLY 110 = po!y-(4-hydroxystyrene-co-4-(1-ethoxyethoxy)styrene), 6.7 : 3.3; Mw = 8.700; D = 1.12; 
POLY 111= poly-(4-hydroxystryene-co-t-butylmethacrylate); 7,2 : 2.8; Mw = 1 1.400; D = 1 .86; 
POLY 112 = poly-(4-r^roxystyrene-co-4-{1 -ethoxyisopropoxy)styrene; 6.9 : 3.1 ; Mw = 8.200; 0 = 1,14; 
POLY 113 = poly-(3-hydroxystyrene-co-4-t-buty! vinylphenoxyacetate); 6.8 : 3.2; Mw = 15,200. D = 2.21 ; 
5 POLY 114 = poly-(4-hydroxystyrene-co-4-(1-ethQxyethoxy)styrene-co-4-methylstyrene); 6.0 : 3.2 : 0.8; Mw = 
14.000; 0 = 1.84; 

POLY 115 = poly<4-hydroxystyrene-(»-8-methyl-8-t4)Lrtoxycail3onyltetracycto^^^ 
maleic anhydride); 1 : 4 : 5; Mw = 4,800; 0 = 2.45; 

POLY 116 = poIy-(4-hydroxystyrene<:o-4-(1-ethaxyethoxy)styreneKxM-tetrahyd^ 6.5 : 2,5 : 

10 1,0; Mw = 9,400; 0 = 1.18; 

POLY 117 = poiy-(4-hydroxystyrene-GO-styrene-co-4-t-butyi vinylphenoxyacetate); 6.0 : 2.0 : 2.0; Mw ^ 12,300; D = 
1.72; 

POLY 118 := poly-(4-hydroxystyreneKX)-4-t*Uyioxycartx)nyloxystyrene-co-t-butylmethaCT^ 6.8 : 2.1: 1.1; Mw 
= 7.200. 0 = 1.65; 

IS POLY 119 = poly-(-4-hydroxystyrene-co-44)utoxystyrene-co-4-(1-ethoxyethoxy)styrene-co-4-vin^ acid t- 
butylester): 7.0 : 1.2 : 1.3 : 0.5; Mw = 1 1,300. D = 2.25; 

POLY 120 = poly-(4-hydroxystyrene-co-2-hydroxystyrene); 2 : 8; Mw = 9,200, 0 = 1 .85; 

POLY 121 = poly-(2-hydroxystyrene-co-2-methyl-adamantyl methacrylate-co-mevalonyl methacrylate); 1:6:3; 

Mw = 7.700.0 = 2.17; 
20 PAG 101 to PAG 126 = see the above synthesis exanples 

OISS 101 = 4,4-(1-phenylethylidene)-bis-I4.1-phenyleneoxy acetic acicG-dK1,1<limethylethyf)ester, 

OISS 102 = ethylldene tris-[4.1 -phenyleneoxy acetic acid)-tris-(1 .1 -dimethylethyl)ester. 

OISS 103 = (1-methylethylidene)<ji-4,1i5henylene-t)is-(1.1-dimethylethyl)carbonic acid ester. 

OISS 104 = ethylldene-tris-4,1 -phenylene-tris-(1 .1 <limethylethyi)cartx>nic acid ester. 
25 BASE 101 = tetramethyl ammonium hydroxide, 

BASE 102 = tetra-n-butyl ammonium hydroxide, 

BASE 103 = tetra-n-butyl ammonium lactate, 

BASE 104 = methyldicyclohexylamine. 

BASE 105 = tri-n-octyl amine, 
30 BASE 106 = triethanolamine, 

BASE 107 = triphenyl sutfbnium acetate, 

SOLV 101 = propylene glycol monomethyl ether acetate, 

SOLV 102 = ethyl lactate, 

SOLV 103 = methyl amy! ketone. 
35 BARC 101 = DUV BARC AZ® KrF-3B® (available from Clariant Japan KK.), 

BARC 102 = DUV BARC CD-9® (available from Brewer Science). 

BARC 103 = DUV BARC DUV18® (available from Brewer Science). 

BARC 104 = DUV BARC 0UV42® (available from Brewer Science). 

BARC 105 = i-line BARC AZ® BarU® II (available from Clariant Japan KK.). 

40 

10195] All formulations contain a minor amount (< 0.01 ppw) of Megafac R-08 (tradename) surfactant 

Example 138 and Comparative Examples 105 and 106: 

45 [0196] The following ingredients were mixed to gether to prepare three solutions of a positive-working chemically 
amplified radiation sensitive composition suitaNe for DUV (248 nm) exposure: 

9.8 g of the terpolymer (POLY 102) of the Example 102, 

0.35 g (0.708 mmol) of triphenyl sulfontum 3.3.3.2. 1 , 1 -hexafluoropropane sulfonate (Example 1 38) or 
50 0.54 g (0,708 mmol) of triphenyl sulfbnium perfluorooctane sulfonate ((Comparative Example 104) or 
0.29 g (0.708 mmol) of triphenyl suifonium trifluoromethane sulfonate (Comparative Example 105), 
0.02 g of triphenyl sulfbnium acetate. 
0.004 g of Megafac R-08 (tradename), and 
64.2 g of propylene glycol monomethyl ether acetate. 

55 

[0197] The solutions were filtered, and spin coated on two silicon wafers each, which have been precoated with 
OUV 30, an antiref lective coating provided by Brewer Science at a film thickness of 90 nm (bake conditions: 1 90''C/60 
sec). The substrate reflectivity at this film thickness was approximately 8%. The films were baked for 90 seconds at 
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Example 139 and Comparative Examples 107 and 108: 



30 



35 



40 



45 



9 8 g Of the terpolymer (POLY 103) of Example 103. 

0 03 g of triphenyl sulfonium acetate. 

0 004 g of MegafacR-08 (tradename), and 

64 2 g of propylene glycol monomethyl ether acetate. 

l^e soluto. were f.ered, ar. s^n coa^ - 
SS?J2.aan«reftec.lvecoat.ngPj^«edby^^^^ 

200-C/60 sec). The substrate '^f'^*"^? of the photoresists by microscope and 

vwed a th^ layer having a °' °f ^J'^^ 

scanning electron microscope indicated ^'^'J^^J^^^^r^ Example 101 (NA = 0.55. a = 0.55) using a 

corns, or crad^ng. ^i^V^^'TtlTo^^^^^^ ^^"^ 
half-tone mask with 0.3 ^m coriScl hole patterns ai a aose o 



so 



oped. 
[0203] 
[02041 



The results are summarized in Table 105. 

■me test items were the same as those in Example 103. 
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Table 105 
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[0205] These results irxJicate the material of the present invention are superior in performance also in use as con- 
tact hole resist 



25 Example 140 and (Comparative Exan:ple 109: 

[0206] Monodisperse poly-(4-hydroxystyrene) (provided from Nippon Soda Corp.) was reacted with ethyl vinyl ether 
to prepare a copolymer. The copolymer had a molecular weight of 6.800 with 32% of tiie phenolic hydroxy groups pro- 
tected. 

30 [0207] The following ingredients were mixed together to prepare two solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure. 

9.8 g of tiie above polymer, 

1.2 g of a divinyl ether derivative prepared by the Williamson ettier reaction of 1 mol bisphenol A with 2 moles 2- 
35 chloroethyl vinyl ether. 

0.35 g (0.708 mmol) of triphenyl sulfonium 3,3.3.2,1 .Vhexafluoropropane sulfonate (Example 140) or 

0.29 g (0.708 mmol) of triphenyl sulfonium triflouromethane sulfonate (Comparative Exanple 109) or 

0.03 g of triphenyl sulfonium acetate, 

0.004 g of Megafac R-08 (tradename), and 
40 64.2 g of propylene glycol monomethyl ether acetate. 

[0208] The solutions thus obtained were filtered arxJ spin coated on two silicon wafers each, which have been pre- 
coated witti AZ KrF-2 (tradename), an antireflective coating provided by Clariant Japan K.K.. at a fflm thickness of 60 
nm (bake conditions: 220OC/60 sec). The photoresist films were baked for 90 seconds at 1 1 S^'C to yield a film thickness 
45 of 0.62 ± 0.01 ^m. After exposure as described in Example 101 (NA = 0.55. a = 0.5^ at a dose of 29 nrvJ/cm^ tie 
exposed wafers were baked at 1 20°C for 90 seconds and developed. 

[0209] The recording material of the present invention resolved lines and spaces down to 0.20 fim with vertk^al 
skJewalls profiles. The material of the Comparative Example 109 showed a resolution limit at 0.28 ^m and strong foot 
formation. A dissolution rate.^alysis revealed that the contrast of the comparative material was signlf icantiy degraded 
50 probably due to a aosslinking reaction of the divinyl ether derivative at the selected post exposure bake temperature 

Example 141: 

[021 0] The following Ingredients were mixed together to prepare a solution of positive-working chemically amplified 
55 radiation sensitive composition suitable for i-line (365 nm) exposure: 8.6 g of a copolymer (molecular weight 12,200) of 
3-methyl-4-hydroxystyrene and 4-hydroxystyrene (2 : 1). 

2.8 g of tiie poly-N.O-acetal described in Example 138. 
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0.45 g of 2-anthryI diphenyl suWonium 3.3,3.2,1.1 -hexafluoropropane sulfonate. 
0.O4 g of triphenyi sulfbnium hydroxide. 
0.004 g of Megafac R-08 {tradename), and 
88.5 g of thyl lactate. 

[02111 The solution thus obtained was filtered and spin coated on a wafer precoated with a 160 nm thick fflm of AZ 
Barii (tradename), a commercial antireflective coating available from Clariant Japan K.K.. which has been baked at 
20O**C for 60 seconds. The photoresist was baked at 1 ^0^C for 60 seconds to give a film thickness of 850 nm. The 
coated wafer was exposed through a mask with line and space patterns down to 0.20 |im using a Nikon SNR1 7051 step- 
per (NA = 0 50) at a dose of 56 mJ/cm^. After the exposure, the wafer was baked at 90^C for 60 seconds and developed 
as desaibed in Example 101 . After water rinsing, the wafer was dried and obsen/ed under SEM. The material resolved 
0.26 pir\ lines and space patterns free of scum and T-top formation. 

Example 142: 

[0212] A solution of a positive-working chemically amplified radiation sensitive composition suitable for VDUV (193 
nm) exposure was prepared from the following ingredients: 

1 1 .1 4 g of poly{2-hydroxystyrene-co-2'methyl-2-adamantyl methaaylate-co-mevalonic lactone methacrylate) with 
20 a molecular weight of 8,000 and a polydisersity of 1 .82. 

0.31 g of bis-4-cyclohexylphenyl iodonium 3.3.3.2.1,1 -hexafluoropropane sulfonate, 

0.04 g of methyl diethanoiamine. 

0.004 g of Megafac R-08 (tradename), and 

88.5gofethyllactate. 

[02131 The solution thus obtained was fiHered and spin coated on a wafer precoated with a 60 nm thick film of an 
experimental methacrylate based antireflective coating developed by Clariant Japan K.K.. which has been baked at 
20O»C tar 60 seconds. The photoresist was baked at 90«C for 60 seconds to give a film thickness of 450 nm and 
exposed through a mask with fine and space patterns down to 0.10 nm using a ISI ArF exdmer laser with a NA = 0.60 
30 atadose of 1 4 5 mJ/cm^. After the exposure, the wafer was baked at 1 10°C for 60 seconds and developed with an 
aqueous developer AZ MIF 300 (tradename: available from Clariant Japan K.K.) containing 2.38% tetramethifl ammo- 
riurn hydroxide lor 60 seconds at 23''C. The material resolved 0.14 (im lines and space pattern without any T-tcp for- 
matton. The interlace behween the antireflective coating and the photoresist was free of scum. 

3S Example 143: 

[02141 A solufon of negative-working chenucally ampfified radiation sensitive composition suitable for DUV (248 
nm) exposure was prepared from the following ingredients: 

7 9 g of a copolymer of 4-hydroxystyrene and styrene prepared by radical polymerization in the presence of 2.2'- 
azobis(4-methoxy-2,4-dimethylvaleronitrile) as a polymerization initiator, the copolymer having a molecular weight 
of 9.200 and a polydispererty of 2.14 as determined by GPG using polystyrene as the standard and a monomer 
lalio of 8 : 2 as determined by ^H-NMR. 
2.0 g of distilled hexamethoxymethyl melamine. 
« 0.3 g of triphenyi sulfonium 3,3.3.2. 1.1 -hexafluoropropane sulfonate. 
0.02 g of tetrabutyl ammonium lactate, 
O.0O4 g of Megafac R-08 (tadename). and 
62.4 g of propylene glycol monomethyl ether acetate. 
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[02151 The solution thus obtained was tittered, spin coated onto a HMDS treated silicon wafer at 3,000 rpm. and 
baked on a hot plate at 1 15«C for 60 seconds. The resuHing film thidciess was 0.72 ^m. 

[0216] An exposure as described in Example 101 followed at a dose of 28 mJfcnf. The exposed material was then 
subjected to a post exposure bake on a hot plate at 125<'C for 90 seconds and developed, 
[02171 The fine lines and spaces were resolved down to 0.20 ^m. Isolated lines were resolved down to 0.16 |im 
when a dose of 34 mJ/cm" was applied. The depth-of-focus of the 0.16 lun lines was about 0.80 jim. 
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Examples 144 and 145: 

[0218] A solution of negative-working chemically amplified radiation sensitive composition suitable for DUV (248 
nm) and e-beam exposure was prepared from the following ingredients: 

5 

7.9 g of a copolymer of 4-hydroxystyrene and 4-methoxystyrene prepared by radical polymerization in the presence 
of 2.2'-azobis(lsobutyronitrile) as a polymerization initiator, the copoylmer having a molecular weight of 9.600 and 
a polydispersity of 2.21 as detemiined by GPC using polystyrene as the standard and a monomer ratio of 7.8 : 2.2 
as determined by ^ H-NMR, 

10 2.0 g of recrystallized tetramethoxymethyl glucoril, "-H 

0.5 g of tetrabutoxymethyl glucoril, Jc5 ^ 

0.3 g of tris-(4-t-buty!phenyl) sulfonium 3.3,3.2.1,1 -hexafluoropropane sulfonate, I T P rf^ fcM 'Fs -T* 

0.02 g of tetramethyl ammonium hydroxide, S » ^ ' * ^^(3 

0.004 g of Megafac R-08 (tradename), and 1 ^ 
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0.004 g of Megafac R-08 (tradename), and 



IS 62.4 g of propylene glycol monomethyi etfier acetate. 

[021 9] The solution thus obtained was filtered and spin coated onto two silicon wafers treated with an adhesion pro- 
moter (hexamethyl disilazane) at 3.000 rpm. After baking on a hot plate at 95*C for 60 seconds, a film thickness of 0.74 
± 0.2 ^m was obtained. 

20 [O220] One wafer was subjected to an exposure through a mask with fine lines and space patterns down to 0.10 
fim using a Nikon NSR 2005 EX 10B KrF excimer laser stepper (NA = 0.55. or = 0.80) at a dose of 24 mJ/cm^. The other 
wafer was exposed with e-beam using the e-beam writer desaibed in Example 108 at a dose of 14.3 jiC/cm^. The 
exposed materials then were subjected to a post exposure bake on a hot plate at 95''C for 90 seconds and developed. 
[0221] The excimer laser exposed material resolved fine lines and spaces down to 0.20 ^m. Isolated lines were 

25 resolved down to 0.15 ^m when a dose of 31 mJ/cm^ was applied. The depth-of-focus of the 0.15 \tn\ lines was about 
0.90 ^m. 

[0222] The e-beam exposed material yiekfed isolated lines with a linewklth bek>w 0.10 \ixn 



Examples 146 and 147: 

[0223] A solution of a negative-working chemically amplified radiation sensitive composition suitable for DUV (248 
nm) and x-ray exposure was prepared from the following ingredients: 



5.9 g of a terpolymer of 4-hydroxystyrene. styrene and N-hydroxymethyl methacrylamkle with a molecular weight 
35 of 11 .500, a polydispersity of 1 .69, and a monomer ratio of 8 : 1 .8 : 0.2, 

1.5 g of recrystallized tetramethoxymetiiyl glucoril, 

0.5 g of 4,4*-(1 -methylethylidene)-bis-[2,6-bis-(hydroxymethyl)-phenol] 

0.3 g of di-(4-t-butylphenyt) iodonium 3.3.3.2.1. 1-hexafluoropropane sulfonate, 

0.02 g of tetramethyl ammonium hydroxkie. 
40 0.004 g of Megafac R-08 (tradename), and 

62.4 g of propylene glycol monomethyi ether acetate. 

[0224] The solution thus obtained was filtered and spin coated onto two silicon wafers treated with an adhesion pro- 
moter (hexamethyl disilazane) at 3.000 rpm. After baking on a hot plate at 95*^C for 60 seconds, a film thickness of 0.67 
45 ± 0.02 |im was obtained. 

[0225] One of the wafers was subjected to an exposure tiirough a mask with fine lines and space patterns down to 
0.10 \im using a Nikon NSR 2005 EX 10B KrF excimer laser stepper (NA s 0.55. a s 0.55) at a dose of 18 mJ/cm^. The 
other wafer was exposed with x-rays as described in Example 1 1 0 at a dose of 52 mJ/cm^. The exposed materials were 
then subjected to a post exposure bake on a hot plate at 95**C for 90 seconds and developed. 
50 [0226] The fine lines and spaces of the excimer laser exposed material were resolved down to 0.22 \im. Isolated 
lines were resolved down to 0.18 ^m when a dose of 25 mJ/cm^ was applied. The depth-of-fbcus of the 0.18 ^m lines 
was about 1.25 ^m. 

[0227] The x-ray exposed material resolved dense lines and spaces down to 0.16 ^m while Isolated lines were 
resolved down below 0.16 \irr\. 



Example 148 and Comparative Example 110: 

[0228] Two negativ -working chemically amplified radiation sensitive composition solutions suitable for i-line (365 
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nm) exposure were prepared from the toilowing ingredients: 

7.2 g of a copolymer (molecular weight 15,000, glass transition temperature 145«C) of 3.5-dimethyl-4-hydroxysty- 
rene and 4-hydroxystyrene (3:7). 
2.0 g of distilled hexamethoxymethyl melamine, 
0.02 g of tetramethyl ammonium hydroxide, 
0.004 g of Megafac R-08 (tradename), and 
42.4 g of propylene glycol monomethyi ether acetate. 

[0229] To one of the base formulations, a solution of 0.35 g of {4-phenyl-thiophenyl) diphenyl sulfbnium 3.3.3.2.1 .1 - 
hexafluoropropane sulfonate dissolved in 20 g of propylene glycol monomethyi ether acetale was added (Example 
145). 

while to the other base formulation. 

.0.35 g of (4-phenyl-thiophenyl) diphenyl sulfonium trifluoromethane sulfonate dissolved in 20 g of propylene glycol 
monomethyi ether acetate was added (Comparative Example 1 10). 

[02301 The solutions thus obtained were filtered and spin coated onto HMDS treated silicon wafers at 2.400 rpm. 
After baking on a hot plate at 90**C for 60 seconds, both materials yielded a film thickness of 1 .06 ± 0.03 jim. 
[0231] The wafers were subjected to an exposure through a mask with fine lines and space patterns down to 0.20 
nm using a Nikon NSR 17551 7a i-line stepper at a dose of 82 mJ/cm^ The exposed materials were then baked on a 
hot plate at lOS^'C for 90 seconds and developed. 

[02321 The material of the Example 145 resolved 0.28 lines and spaces patterns and the profile of the resist 
patterns were ideally rectangular. No whisker-like raised portions or scum were observed. The dose to print isolated 
25 lines with a width of 0.28 jim was found to be 91 mJ/cm^. 

[02331 The material of the Comparative Example 1 10 also resolved 0.28 ^m lines and spaces patterns. However, 
the top of the line patterns was rounded, and the bottom of the line patterns had an undercut^ructure combined with 
severe scum. The dose to print isolated lines with a width of 0.28 jim was found to be 95 mJ/cm^ and therefore this for- 
mulation was judged to be clearly inferior to that of the Example 145. 
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Example 149 and Comparative Example 111: 



[02341 From Example 104. It is evident that the replacement of trif late based PAGs with the hexaflate based PAGs 
of the present invention yields radiation sensitive compositions with identical sensitivity and resolution capability. 
35 [02351 A quartz wafer (wafer 1) was coated with a solution containing a mixture of 

5.0gofpoly-(4-hydrQxyslyrene).and 

0.3 g of triphenyl sulfonium 3.3.3.2.1.1-hexafluoropropane sulfonate (Example 149. wafer 1) dissolved in 
50 g of propylene glycol monomethyi ether actetate and baked at 120^0 for 60 seconds. 



[02361 A second quartz wafer (wafer 2) was coated with a solution containing a mixture of 



5.1 g poly-(4-hydroxystyrene), and 

0.3 g triphenyl sulfonium trif late (Comparative Example 111, wafer 2) dissolved In 
45 50 g propylene glycol monomethyi ether acetate and baked at 120»C for 60 seconds. 

[02371 In addition, two other quartz wafers (wafer 3 and wafer 4) were coated with a solution of 

5.0 g poly-(4-t-butyloxycarboRyloxystyrene) dissolved in 50 g propylene glycol monomethyi ether acetate 



so 



65 



and baked at 90*C for 90 seconds. Wafers 3 and 4 were sulDjeded to a quantitative Fl R spectrum analysis with respect 
to the intensity of the carbonyl bond Then the film of wafer 3 was brought into intimate contact with the film of wafer 1 
and the film of wafer 4 with the film of wafer 2 each at a pressure of about 0.05kg/cm2 Both wafer pairs were subjected 
to a ftood irradiation with DUV KrF exdmer laser irradiation at a dose of 80 mJ/cm^ and baked at gO'^C for 90 seconds 
with wafers 3 and 4 on the upper side. The wafers 3 and 4 were separated from wafers 1 and 2 and their FIR spectra 
were again recorded. After substraction of the two spectra (before and after exposure/bake), it became evident that 
47% of the t-butyloxycarbonyloxy groups of the polymer on wafer 4 had been cleaved into hydroxy groups by trif luor- 
omethanesuHbnic acid produced during exposure and diffusing into the polymer during the post exposure bake, while 
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only 14% of the t-butyloxycartx)nyloxy groups of the polymer on wafer 3 had been cleaved, indicating that the trifluor- 
omethane sulfonic add produced from wafer 2 was much nnore volatile than the 3,3.3.2,1. 1-hexafluoropropanesutfbnic 
acid produced from wafer 1 . From this experiment, it can be concluded that the amount of acidic, con^osive and volatile 
products which might cause destruction of the irradiation equipment and pose hazards to the health of the workers is 
5 significantly reduced, when triflate generating PAGs were replaced with the PAGs of the present invention. 

Example 150: 

[0238] The radiation sensitive composition of Example 141 was coated on a mechanically surface grained alumi- 
10 num foil and dried to a weight of atx)ut 1 2 g/m^. After imagewise exposure through a positive-working original with a 5 
kW metal hafide light source for 23 seconds, the foil was heated at lOO^'C for 8 minutes in a oonvection oven. The 
printed image was developed with a developer solution containing the following ingredients by a plush paddle method: 

5.0 g of sodium lauryi sulfate. 
15 1 .5 g of sodium metasilicate pentahydrate. 

1.6 g of trisodium phosphate dodecahydrate. and 
92.5 g of ion-exchanged water. 

[0239] The plate was then rinsed with pure water and dried. Step 6 of a silver-film continuous-tone step having a 
20 density range from 0.05 to 3.05 and density increments of 0. 1 5 was completely reproduced on the cx)py Even the finest 
screens and lines of the original were clearly visible. The printing plate obtained in the manner described gave 32.000 
high quality inpressions on a sheetfed offset printing machine. 

Example 151 and Comparative Example 112 

25 

[0240] Monodisperse poly-4-hydroxystyrene (Nippon Soda Co.. Ltd.. Mw = about 9,000. polydispersity = 1 .08) was 
reacted witti ethylene vinyl ether in the presence of p-toluenesulfbnic add as a catalyst to prepare a copolymer of 4- 
hydroxystyrene arxJ 4-(2-ethoxy)-ethoxystyrene. The copolymer had an average molecular weight of 10.500 as deter- 
mined by GPC using polystyrene as the standard. The molar ratio of 4-hydroxystyrene : 4-(2-ethoxy)-6thoxystyrene was 
30 about 6.9 : 3.1 as measured by NMR. 

[0241] The following ingredients were mixed together to prepare two solutions of a positive-working chemically 
amplified radiation sensitive conposition suitable for DUV (248 nm) exposure: 

9.8 g of tiie above copolymer. 
35 0.42 g of tris-4*t-butylphenyl sulfonium 3.3,3.2, 1 .1 -hexaf luoropropane sulfonate (Example 51) or 

0.36 g of triphenyl sulfonium trrflate (Comparative Example 1 12), 

0.03 g of triethanolamine. 

0.05 g of N.N-dimethyiacetamide. 

0.004 g of Megafec R-08 (tradename), and 
40 64.2 g of propylene glycol monomethyl ether acetate. 

[0242] The solutions thus obtained were filtered and spin coated on silicon covered with a phosphor-spin-on-glass 
(PSG) layer, which has been pretreated by a dehydration bake at ISO^'C. and baked on a hot plate at 95^*0 for 90 sec- 
onds to yield a thin layer having a thickness of about 0.65 |im. The recording material was exposed as desaibed in 

45 Example 101 (NA = 0.55. a = 0.71) using a mask with contact hole patterns down to 0.15 nm at a dose of 52 mJ/cm^ 
and baked for 90 seconds at 1 15*^0. Next ttie material was developed as described in Example 101 . 
[0243] SEM inspection revealed that the recording material of tiie present invention resolved 0.18 ^m contact holes 
at a duty ratio of 1 : 1 with a depth-of-fbcus (DOF) of about 1.40 ^m. The side walls of the contact holes were vertical, 
and virtually no footing was otken/ed at the resist/substrate interface. The comparative material resolved 0.20 nm con- 

50 tact holes with a depth-of-fbcus (DOF) of less tiian 0.8 pm. 

Exanple 152 and Comparative Example 113 

[0244] The following ingredients were mixed together to prepare two solutions of a positive-working chemically 
55 amplified radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above terpolymer (POLY 102). 

0.4 g of tris-(4-t-butylphenyl)sulfonium 3,3.3,2.1.1 -hexaf luoropropane sulfonate (Example 152) or 
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0.35 g of triphenyt sulfbnium tr'tflate (Comparative Example 1 13), 

0.03 g of triphenyi sulfonium acetate, 

0.004 g d Megafec R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

5 

[0245] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon wafer and baked for 60 sec- 
onds on a hot plate at 135''C to yield a thin layer having a thickness of about 0.82 ^m. The recording material was 
exposed in the same manner as in Example 101 . The dose was 29 mJ/cm^ at which 1 :1 lines and spaces of 0.25 \im 
were provided. The film was then baked at ISS^'C for 90 seconds. For both the materials, subsequent development as 
10 desaibed in Example 101 yielded resolved line and space patterns below 0.21 pm. SEM revealed that for the material 
of the present invention, the linewidth of Isolated and dense tines was almost equal, i.e. the Iso to dense bias was neg- 
ligible, whereas, for the comparative material, a large iso to dense bias existed in the lines. Further, for the material of 
the present invention, the isolated lines were free from dropouts of the film and resolved down to 0. 12 |im. On the other 
hand, for the comparative material, there were dropouts of isolated lines of less than 0.14 iim from the 8ut>strate. 

IS 

Synthesis Example 201 : 

Preparation of diphenyl 4>t-butylphenyl sulfonium nonafluorobutane sulfonate (PAG 201) 

20 [0246] A column having a length of 55 cm and an inner diameter of 5 cm was packed with 700 g of Amberlyst A-26 
(tradename) dispersed in methanol in its chloride form. 3,000 ml of methanol was added to 3.000 ml of a 54% aqueous 
solution of tetramethyl amnx}nium hydroxide. This alkali solution was used to convert the cNortde form of the Amberlyst 
ion-exchange resin to its hydroxide form. 

[0247] The column was then washed with methanol until the solution withdrawn from the column became neutral. 

25 [0248] 39.93 g (0.1 mol) of diphenyl 4-t-butylphenyl sulfonium bromide was dissolved in about 50 ml of methanol. 
The solution was passed through the column by elution with methanol at a rate of 30 ml/hour. 
[0249] The eluate was monitored using a potentiometer and occasionally tested for the absence of bromide ions 
using an aqueous silver nitrate solution. Next, the concentration of the hydroxyl group was determined by titration with 
0.1 N HCi. The yield of diphenyl 4-t-butyIphenyl sulfbnium hydroxkJe was about 100%. The solution was adjusted to 1 .0 

30 mmol/g diphenyl 4-t-butylphenyl hydroxide. 

[0250] With stin-ing, to 500 g (50 mmol) of the diphenyl 4-t-butylphenyl hydroxide was added dropwise 15.01 g (50 
mmol) of distilled nonaf luorolxjtane sulfonic add diluted with 50 ml of methanol at room temperature. The mixture was 
stirred at room temperature for 24 hours. The solvent was removed by evaporation. The oil (30.9 g (about 100%)) thus 
obtained was crystallized to give pure diphenyl 4-t-butylphenyl sulfonium nonafluorobutane sulfonate. 

35 [0251 ] The purity was measured by HPLC and found to be > 99%. 

^H-NMR (CDCI3): 1.44 (s. 9H, 4-t-butyl), 7.62 - 7.71 (m. 14H. aromatic) ppm. 
Synthesis Example 202: 

40 

Preparation of triphenyi sulfonium nonafluorobutane sulfonate (PAG 202) 

[0252] 91.03 g (0.45 mol) of diphenyl sulfoxide was dissolved in 1 300 ml of benzene in a 2-liter three-neck round- 
bottom flask equipped with a stirrer, a thermometer, a dropping funnel, a condenser, and a nitrogen inlet. The mixture 
45 was cooled to 4°C with vigorous stin-ing. A solution of 189.0 g (0.90 mol) of trifluoroacetic anhydride and 135.1 g (0.45 
mol) of nonafluorobutane sulfonic acid was added dropwise thereto, while the temperature was maintained under ice 
cooling. After completion of the addition, the mixture was stirred for 1 hour. The temperature was returned room tem- 
perature, followed by stirring for additional 15 hours. 

[0253] After standing overnight, two separate phases were formed. The upper phase was removed and discarded. 

so The oily bottom phase of approximately 500 ml volume was dropped into 2000 ml of diethyl ether, upon which a semi- 
crystalline deposit was formed. The ether was decanted, and the precipitate was dissolved in a minimum amount of 
dichlorometiiane. The solution was added dropwise to 1000 ml of vigorously stinred diethyl ether to reprecipitate the 
product. After completion of tiie addition, stirring was continued for 2 hours. After tiie solid was separated from dietiiyl 
ether, this procedure was repeated once more to enhance the crystallinity of the product. The mixture was filtered, and 

55 the semi-aystals were collected yielding 1 73.7 g of crude sulfbnium salt. The melting point of the aude sulfbnium salt 
was75-78*»C. 

[0254] Depending on the purity, the crystals can be either recrystallized from ethyl acetate or dissolved in the min- 
imum amount of dichloromethane and purified by column chromatography on silica gel using a 95 : 5 dichlorometiiane- 
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methanol mixture to perform purification. The first fractions containing unreacted diphenyl sulfoxide were discarded. 
After collection of the main fractions, the solvent was evaporated to leave 139.1 g (yield 58.7%) of triphenyl nonafluor- 
ot)utane sulfonate as white aystals (m.p. 83 - SS-S^'C). 

5 ^H-NMR (CDQa): 6 = 7.71 - 7.83 (m. 15H) ppm. 

[0255] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Example 203: 

10 

Preparation of tris-(4-t-butylphenyl} sulfbntum nonafluorobutane suKonate (PAG 203): 

[0256] 48.18 g (0.15 mol) of bis-(4-t-butylphenyl) sulfoxide (prepared from diphenyl sulfide and t-butyl bromide via 
FeCIs catalyzed alkylation and subsequent oxidation with 2-chiorobenzoic acid) was dissolved in 400 ml of A-t-butylben- 
15 zene in a 1 -liter three-neck round-bottom flask equipped with a stirrer, a thermometer, a dropping funnel, a condenser 
and a nitrogen inlet 

[0257] The mixture was cooled to 4**C with vigorous stirring. A solution of 63.0g (0.30 mol) of trrfluoroacetic anhy- 
dride and 45.0 g (0.15 moi) of nonafluorobutane sulfonic acid was added dropwise thereto, while the temperature was 
maintained under ice cooling. After completion of the addition, the mixture was stirred for 1 hour. 

20 [0258] The tenperature was returned to room temperature, followed by stirring for additional 15 hours. After stand- 
ing overnight two separate phases were formed. The upper phase was removed and discarded. The oily bottom phase 
of approximately 150 ml volume was diluted with 800 ml of diethyl ether, and washed twice with water and a sodium 
bicarbonate solution. The organic phase was dried over MgS04. After removal of the solvent, a semicrystalline solid 
was obtained. The semicrystalline solid was recrystallized from diethyl ether. Thus, 66.1 g (60.2%) of white crystals of 

25 tris-(4-t-butylphenyl) sulfonium nonafluorobutane sulfonate (m.p. 1 98 - 200''C) was obtained. 

^H-NMR (CDCl3):6 = 1.36 (s, 27H), 7.81 - 7.88 (d. 12H) ppm. 
[0259] The purity was determined by HPLC analysis and found to be > 97%. 

30 

Synthesis Examples 204 to 208: 

[0260] The following sulfonium salts were synthesized in substantially the same manner as in the above synthesis 
examples. 

35 

Tris-(4-methylphenyl) sulfonium nonafluorobutane sulfonate (PAG 204): 
^H-NMR (CDCl3):5 = 2.42 (s. 9H), 7.37 - 7.47 (d, 12H) ppm. 

40 

The purity was determined by HPLC analysis and found to k>e > 97%. 
4-Methylphenyl-diphenyl sulfonium nonafluorobutane sulfonate (PAG 205): 

^H-NMR (CDCl3):8 = 2.45 (s, 3H). 7.40 - 7.55 (d. 14H) ppm. 

45 

The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-methyIphenyl)phenyl sulfonium nonafluorobutane sulfonate (PAG 206) 

50 ^H-NMR (CDCl3):6 = 2.43 (s, 6H). 7.43 - 7.53 (d. 13H) ppm. 



The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-t-butylphenyI)-phenyl sulfonium nonafluorobutane sulfonate (PAG 207) 

55 

^H-NMR (CDCl3):6 = 1.48 (s. 18H). 7.67 - 8.12 (m. 13H) ppm. 
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The purity v«s determined by HPLC analysis and found to be > 97%. 
4-Cyelohexylphenyl-diphenyl suHonium nonafiuorobutane siifbnate (RAG 208) 

Ih-NMR (CDCI3): 5 = 1.53 - 2.45 (m. 11H). 7.42 - 8.01 (m ,14H) ppm. 



The purity was determined by HPLC analysis and found tobe> 97%. 
Synthesis Example 209: 

Preparation of tris-(4-butoxyphenyl) sulfonium nonaf luorolxrtane sulfonate (PAG 209) 



30 



[0261 1 To a stirred solution of 60.0 g (0.164 mol) of bis-(4-t-butoxyphenyl) sulfoxide in 26.8 g (0.34 md) pyridine 
and 400 n^ of tetrahydrof uran was dropped 1 26.57 g (0.34 md) of trimethylsilyl nonafiuorobutane sulfonate while keep- 
is ing the temperature below -SrC with a salted ice bath. After completion of the addition, the reaction temperature was 
raised to 5»C. followed by stirring for additional 20 minutes. A Grignard solution was prepared from 8.4 g (0.34 mol) of 
magnesium. 100 g of tetrahydrofuran and 68.6 g (0.38 nwl) of 4-t-butoxy chlorobenzene. and added dropwise to the 

^e solutjon at^O^^^ was stirred for 2 hours at this temperature. Then water was added to decompose the excess 
so Grionaid reagent, and the inorganic salts were removed by filtration. The solution was concentrated to about 160 ml 
and extracted with a mixture of 1200 ml Of dichlaomethane. 600 g of a saturated aqueous solution of ammonium chlo- 
ride and 600 ml water. The organic phase was washed twice with water and dried. The solvent was removed to yield an 
ofly product which was then purified by column chromatography on silica gel using dicWoromefliane as the eluant. 
Thus tris-(4-butoxyphenyO sulfonium nonafiuorobutane sulfonate was obtained as a slighUy yellowish P^^^fi^-^^ 
« struciure was confined by ' H-NMR (CDQa) with 5 = 1 .42 (s. 27H). 7.35 - 7.42 (d. 6H) and 7.78 - 7.93 ppm (d. 6H). 

Synthesis Example 210: 

Preparation of trl8<4-t-butoxycart»nylmethoxyphenyl) sulfbnium nonafluorobutene sulfonate (PAG 210) 

[02631 A solution of 62 2 g (0.08 mol) of fris-(4-butoxyphenyl) sulfonium nonafluorobutafte suHbnate and 2.40 g 
(0 COS md) of nonafiuorobutane sulfonic add in 200 ml of ethanol was refluxed for 8 hours with stirring After ©rapora- 
tion of the sdvent. the crude product of tris-(4-hydrQxyphenyO sulfonium nonafiuorobutane sulfonate (yield about 100%) 
was dissolved inl60 g of N.N-dimethylformamide and reacted wHh 55.4 g (0.40 md) of anhydrous potassium carbon- 
35 ate and 60 3 g (0 40 mol) d t-butyl chloroacetate at 80°C for 3 hours. The cooled reaction mixture was poured into 700 
ml of water and extracted with dichtoromethane. The organic phase was washed with water and dried. The solvent was 
removed The oily residue was purified by column chromatography on silica gel using a dichloromethane and methanol 
as the eluent The white product was cdlected to yield 34.4 g (yield 45%) of analytically pure fris-(4^t-butoxycart»M 
methoxyphenyl) sulfonium nonafiuorobutane sulfonate. The ^H-NMR spectrum gave the following signals (CDCy* - 
40 1.45 (S. 27H). 4.76 (s. 6H). 7.15 - 7.18 (d. 6H). 7.74 - 7.87 (d. 6H). 

Synthesis Example 21 1 : 

Preparation of p-oxocyclohexyl 2-norbomylmethyl sulfonium nonafiuorobutane sulfonate (PAG 21 1) 

[0264] To a sdution of 14.14 g (0.1 06 mol) of 2-chlorocydohexane in 100 ml of ethand was added dropwise 50 ml 
of a 15% solution of methylmercaptane sodium salt. The mixture was stirred for 3 houre. Then 60O ml water was acMed. 
and the mixture was extracted witti dichloromethane. The organic phase was dried, and the solvent was removed to 
yield aude B-oxocyclohexyl meOiyl sulf ide, which was purified by distillation (b p. 45 - AT'0/0.3 mmHg). 
(02651 2.0 g (15.6 mmol) of this product was dissolved in 10 ml d nitromethane and added dropwise wrth 20 g (114 
mmol) of 2-bromonoit)ornane and stinred at room temperature fori hour. . , , 

[02661 After that, a sdution d 2.28 g (15.6 mmoO of silver nonafluordDutane sulfonate dissolved m 400 m d 
nrtromethane was added dropwise to the reaction mixture and stirred for three hours at room temperature. The silver 
bromide was removed by filtration. The filtrate was concentrated to 50 ml. and then added dropwise to 600 ml of diethyl 
ether. The precipitated solid was collected, washed with ether and recrystallized from ethyl acetate The yield of p-oxo- 
cydohexyl 2-norbornyl methyl sulfonium nonafiuorobutane sulfonate was 1 .88 g. 

1 H-NMR (CDCI3): 5 = 1 .33 • 2.28 (m. 16H). 2.30 - 3.10 (m. 5H). 4.95 - 5.53 ppm (2m. 2H). 
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Synthesis Example 212: 

Preparation of bis-(4-cyclohexylphenyl) iodonium nonafluorcbutane sulfonate (PAG 212) 

5 [02671 A 500 mt three-neck round bottom flask equipped with a stirrer, a thermometer, a dropping funnel, a con- 
denser, and a nitrogen Inlet was charged with 43 g (0.20 mol) of potassium iodate. 69.2 g (0.43 vnofi of cydohexylben- 
zene and 43 ml acetic anhydride. 

[0268] The mixture was cooled to -S^'C. A mixture of 43 ml of acetic anhydride and 30.1 ml concentrated sulfuric 
acid was added dropwise thereto with vigorous stirring. During the addition, the reaction temperature was kept below 

10 S^C. After the end of the addition, the temperature of the reaction solution was returned to room temperature over a 
period of 2 to 3 hours. The resulting mixture was left for 48 hours and cooled to S^C. 100 g of a 1 : 1 ice/water mixture 
was added with stirring. During this operation, the temperature of the reaction solution was kept below 10®C. Precipi- 
tated crystals of potassium salts were removed by filtration, and the precipitates were extracted twice with petroleum 
ether. To the remaining aqueous solution was added dropwise 45 g of ammonium bromide dissolved in 100 ml water 

IS with stirring. The precipitate of bis-(4-cyclohexylbenzene)lodonium bromide was isolated by filtration, washed, and 
dried. 

[0269] 15.26 g (28.5 mmol) of the bromide was dissolved in 100 ml of dichloromethane and 10.3 g (34.2 mmol) of 
nonafluorcbutane sulfonic acid was added. The mixture vvas stirred at reflux for 6 hours. Hydrogen txomide evolved. 
After cooling, the reaction mixture was washed twice with a 2.5% aqueous solution of tetramethyl anvnonium hydroxide 
20 and then dried. The solvent was then removed. The yellowish residue was recrystallized from an isopropanol/isopropyl 
ether mixture to give 12.2 g (63 %) of bis-(4-cyclohexylphenyl) iodonium nonafluorcbutane sulfonate. 

^H-NMR (CDa3):6 = 1.12 - 1.75 (m, 22H). 7.23 - 7,90 (d, 8H) ppm. 

2S [0270] The purity was determined by HPLC analysis and found to be > 97%. 

Synthesis Examples 213-215: 

[0271] The following iodonium salts were synthesized in substantially the same manner as in the above synthesis 
30 examples. 

Diphenyl iodonium nonaf luorobutane sulfonate (PAG 213) ^ 
^ H-NMR (CDCl3):6 = 7.20 ■ 7.35 (m. 10H) ppm. 

35 

The purity was determined by HPLC analysis and found to be > 97%. 
BiS'(4-methylphenyj) iodonium nonafluorobutane sulfonate (PAG 214) 

40 1 H-NMR (CDCl3):6 = 2.25 (s. 6H). 7.20 - 7.58 (d. 8H) ppm. 



The purity was determined by HPLC analysis and found to be > 97%. 
Bis-(4-t-butylphenyl) iodonium nonaf luorobutane sulfonate (PAG 215) 

45 

^ H-NMR (CDCl3):6 = 1.48 (s, 18H). 7.35 - 7.49 (d. 8H) ppm. 



The purity was determined by HPLC analysis and found to be > 97%. 

50 

Synthesis Example 216: 

Preparation of 4-methylphenyl phenyl iodonium nonafluorobutane sulfonate (PAG 216) 

55 [0272] To a stirred suspension of 4.40 g (20 mmol) of iodosylbenzene in 100 ml of dichloromethane was added 
dropwise 6.0 g (20 mmol) of nonafluorobutane sulfonic acid at O^'C under exclusion of moisture. The mixture was stirred 
at room temperature for 2 hours. 

[0273] The temperature was returned to 0*^0 again. 1.84 g (20 mmol) of toluene was added dropwise. After the 
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addition, stirring was continued at room tenperature for additional 1 hour. The solvent was evaporated. The oily residue 
was dissolved in diethyl ether. 

102741 The solution was cooled to oljtain crystals of 4-methylphenyl phenyl iodonium nonafluorobutane sulfonate. 
The aystals were washed with hexane. The yield was 6.7 g. 
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iH-NMR (CDCl3):6 = 2.25 (s. 3H). 7.t8 • 7.58 (m, 9H) ppm. 
(02751 The purity was determined by HPLC analysis and found to be > 97%. 
10 Example 201: 
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[02761 A copolymer of 4-hydroxystyrene and 44-butyloxycaibonylstyrene was prepared by reacting inonodisperee 
poly-4-hydroxystyrene with di-t-butylcarbonate. The copolymer had a molecular weight of 8.700 with a pobrdspersity of 
118 as determined by GPC using polystyrene as the standard. The molar ratio of 4-hydroxystyrene : 4.t-butyloxycarb. 
onylstyrenewas7: 3 ascondudedfrom inspection of the 'HfMMRspectnjm (POLY 201). 
[0277] The following ingredients were mixed together to prepare a solution of a positive^wrldng chemically ampU- 
f led radiation sensitive composition suitatile for DUV (248 nm) exposure: 



9.8 g of the above copolymer. 
20 0.3 g of tris(4-t-butylphenyl) suHonium nonafluorobutane sulfonate. 
0.02 g of tetrametl^ ammonium hydroxide, 
0.004 g of Megafac R-08 (tradename), and 
64.2 g of propylene glycol monomethyl ether acetate. 

25 [02781 The solution was filtered through a teflon fifter having a pore diameter of 0.1 nm. spin coated <xi a silicon 
wafer ore-coated with DUV-18. an antirefledive coating provided by Brewer Science atafilm thickness of 115 nm^ke 
temperature: 200«C). at 3.000 revolutions and dried at 90»C for 60 seconds on a hot plate to remove the solvent. Thus. 

a 0.75 um-thick film was obtained. . ^ 

[02791 The recording material thus obtained was imagewise exposed using a mask providing lines and spaces pat- 

30 terns iown to 0.10 jun per image with a DUV stepper Nikon NSR 2005 EX 10B paving a ""^7<=«'^^/*;;^j';^>^^ 
0.55 during exposure and a coherence factor (a) of 0.55 with a dose of 22 nvJ/cm^. Tfie 
for 90 seconds to develop the latent image, and then processedat23-Cbypuddledevelopmenlw^ 

name), a surfactant free devetoper containing 2.38% by weight of tetramethyl ammonium hydrooode provided by Clan- 

35 SaT" A defect-free image of the mask with high edge stability was obtained, stmctures < 0.25 jun being resolved 
faithfully todetail and tfie width ratio (linearity of the resist) of nominally equal lines/space structures being virtually con- 
stant in the range between 1 .00 and 0.25 ^m. in 250 nm image, the dfference in linewidm between d«^^^ 
isolated lines was not more than 5 nm. and the denseAiso bias was very small. The resist profile was almost vertical and 
very smooth, as neither line edge roughness nor standing waves were obseroed. 

40 

Example 202: 

[02811 Radical copolymerization of 4-acetoxystyrene. styrene and t-butylmethacrylate was carried out in the pr^- 
ence of 2 2.azo*is-isobutyronitrile as a polymerization inHiator. followed by hydrolysis of the acetate groups of the 

45 copolymer with an aqueous ammonium acetate solution to prepare a terpolymer of 4-hydroxystj^ene. styrene and t- 
butyl methaaylate. The terpolymer had a molecular weight of 14.200 with a polydispersity of 1.69 as determined by 
GPC using polystyrene as the standard, and the molar ratio of 4-hydroxyslyrene : styrene : t-butylmethaaylate was 7 : 
2:1asdetemiinedby^HNMR(POLY202). u • n -^k 

[02821 The following ingredlBnts were mixed together to prepare a solution of a positive-working chemically ampli- 

90 fled radiatfon sensrtive composition suitable for DUV (248 nm) exposure: 

9.8 g of the 6U)ove copolymer, 

0.3 g of bis-(4-t-butylphenyl) iodonium nonafluorobutane sulfonate. 
0.03 g of triphenyl sulfonium acetate, 
65 0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acefata 

[0283] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon wafer and baked for 60 sec- 
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onds on a hot plate at 1 SO^'C to yield a film thickness of 0.82 ^m. The recording material was exposed in the same man- 
ner as in Example 201. The dose was 30 mJ/cm^. The film was then baked at 130"C for 90 seconds. 
[0284] Subsequent development as described In Example 201 resolved line and space patterns below 0.22 pm. 
From scanning electron miaoscope (SEM) insp ction. it was concluded that the linewidth of isolated and dense lines 
5 was almost equal, i.e. the dense to iso bias was negligible. Isolated line patterns were resolved down to 0.14 lun. 

Example 203 and Comparative Exanples 201 and 202: 

[0285] Radical polymerization of 4-t-butyloxystyrene was carried out in the presence of 2.2-azo-bis-isobutyronitrile 
10 as a polymerization initiator, followed by partial hydrolysis of the t-butyloxy groups with a concentrated aqueous hydro- 
gen chloride solution to prepare 4-hydrQxystyrene with 12% of the t-butyloxy groups being left intact This copolymer 
was then reacted with ethyl vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a terpolymer 
of 4-hydroxystyrene, 4-(1-ethoxyethoxy)styrene and 4-t-butoxystyrene. The terpolymer thus obtained had a molecular 
weight of 23,400 with a polydispersity of 2.14 as determined by GPC using polystyrene as the standard, and the molar 
15 ratio of 4-hydroxystyrene : styrene : t-butyl methacrylate was 6.7 : 2.2 : 1.1 asmeasuredby ^HNMR(POiy 203). 
[0286] The following ingredients were mixed together to prepare solutions of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for OUV (248 nm) exposure: 

9.8 g of the above copolymer, 
20 0.3 g (0.41 mmol) of tris-(4-t-butylphenyl)sulfonium nonafluorobutane sulfonate (Example 203). 
0.02 g of triphenyl sulfbnium acetate, 
0.05 g of 9-anthramethyl acetate (OUV absorber), 
0.004 g of Megafac R-Od (tradename), and 
64.2 g of propylene glycol monomethyl ether acetate. 

25 

[0287] For comparison, positive-working chemically amplified radiation sensitive composition solutions were pre- 
pared in the same manner as described just above, except that 0.27 g (0.41 mmol) of tris-(4-t-butylphenyl)sulfbnium 
camphor sulfonate (Comparative Example 201) or 0.24 g (0.41 mmol) of tris-(4-t-butylphenyl)sulfonium phenylsuHo- 
nium trifluoromethane sulfonate (Comparative Example 202) was used Instead of 0.3 g (0.41 mmol) of tris-(4-t-butyl- 

30 phenyl)sulf6nium nonafluorobutane sulfonate. 

[0288] The solutions were filtered, and spin-coated on three silicon wafers, which have been precoated with an 
experimental antireflective coating provkjed by Clariant Japan K.K. at a film thickness of 60 nm (bake temperature: 
220''C). The resist films were baked for 60 seconds on a hot plate at 90''C to yield a film thickness of 0.75 ± 0.02 ^m. 
[0289] The recording materials were exposed as described In Example 201 (NA - 0.50. a = 0.50) and then baked 

35 at lOS'^C for 60 seconds. Development was done as described in Example 201 . The results were as follows. 



Table 201 





Example 203 


Comparative Example 201 


Comparative Example 202 


Dose (mj/cm^) 


22(1) 


31 (3) 


22(1) 


Dense Line Resolution 
(nm) 


0.17(1) 


0.26 (3) 


0.18(1) 


Isolated Une Resolution 
(urn) 


0.15(1) 


0.19 (2) 


0.20(3) 


Dense Line DOF @ 0.22 
nm (fim) 


1.4(1) 


0.0 (3) 


1.1 (2) 


Isolated Une DOF @ 0.22 
(im(nm) 


1.0(1) 


0.6 (3) 


0,7-0.8(2) 
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Table 201 (continued) 



Dense/iso bias @ 022 ijm 



Example 203 



9(1) 



Comparative Exanple 201 



Na(3) 



Conparative Example 202 



27(2) 



10 



IS 



Remarks: 

In the table, rating was added in parenthesis (1) = best, (2) = intermediate. (3) = poor. 
The dose is defined as the exposure energy to delineate equal lines and spaces of 0.22 jim pattern width. 
The dense line resolution is defined as the smallest equal lines and spaces patterns fully reproduced at that dose 
The isolated line resolution is defined as the smallest isolated line pattern without top film loss of the line at that do» 
The dense line DOF Is defined as the depth of focus of equal lines and spaces at that dose. 
The isolated line DOF is defined as the depth of focus of Isolated lines at that dose. 
The dense/iso bias is defined as the linewidth difference between dense lines and isolated lines at that dose. 
These results clearly demonstrate that the material using the resist material of the present invention has the best lith- 
ogiaphic performance among these three samples. ^ 



Example 204 and Comparative Examples 203 and 204: 

20 10290] Monodisperse poly-4-hydroxystyrene (Nippon Soda Co.. Ltd.. Mw - 12.000. polydispersity = 1,16) was 
reacted with 2-chloroethyl vinyl ether in the presence of p-toluenesuHbnic acid as a catalyst to prepare a copolymer of 
4.hydroxystyrene and 4.(1-(2-chloroethoxy)ethoxy)styrene. The copolymer had a molecular weight of 13.700 with a 
polydispersity of 1.21 as determined by GPC using polystyrene as the standard, and the monomer ratio of 4-hydroxy- 
styrene : 4-{1-(2-chloroethoxy)ethoxy)styrene was 7.1 : 2.9 as measured by NMR (POLY 204). 

25 [02911 The following ingredients were mixed together to prepare three solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above copolymer, 

0.25 g of tris-(4-t-butylphenyl) sulfonium nonaf luorobutane sulfonate (Example 204), 
30 0.03 g of triphenyl sulfonium acetate. 

0.004 g off Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[02921 For comparison, positive-working chemically amplified radiation sensitive composition solutions were pre- 
ss pared in the same manner as described just above, except that 0.25 g of tris.(4-t-butyiphenyl)sulfonium trrf late (Com- 
parative Example 203) or 0.25 g of tris-(4-t-butylphenyl)sulfonium propane sulfonate (Comparative Example 204) was 
used instead of 0.25 g of tris-(4-t-butylphenyi) sulfonium nonafluorobutane sulfonate. v u ..^ 

[02931 The solutions were filtered, spin coated on two HMDS treated silicon wafers each (total 6 wafers), baked for 
90 seconds on a hot plate at 1 10«C to yield a layer having a thickness of 0.75 ± 0.02 nm. The recordmg material was 
40 exposed as described in Example 201 (NA = 0.55. a = 0.55). The dose was as indicated in Table 202. While one of eadi 
wafer was placed immediately on a hot plate and baked for 90 seconds at 75«C (Test A), the second wafers were stored 
in the clean room for 60 minutes and then baked under the same conditions (Test B). Next, these wafers were devel- 
oped as described in Example 201. The results are compiled in Table 202. 

45 
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Table 202 













5 


Dose (mJ/cm^ 


24(2) 


22(1) 


37(3) 




Dense Line Resolution 


0.17(1) 


0.17(1) 


0.21 (2) 


10 


Isolated Line Resolution 


0.15(1) 


0.15(1) 


0.19(2) 




Dense Line DOF @ 0.22 


1.4-1.5(1) 


1.1 (2) 


1.1 (2) 


IS 


Isolated Une DOF @ 0.22 
jim(nm) 


1.0(1) 


0.6(3) 


0.7-0.8(2) 




Dense/iso bias @ 0.22 
(nm) 


17(1) 


30(3) 


27(2) 


20 


T-top 


None (1) 


None(1) 


None (1) 






Test B (after one hour) 


Example 204 


Comparative Example 203 


Comparative Example 204 




Dose (mJ/cm^ 


24(1) 


23(2) 


34(3) 


25 


Dense Une Resolution 
Oim) 


0.17(1) 


0.18 (2) 


0.22 (3) 




Isolated Line Resolution 
(urn) 


0.15(1) 


0.16(2) 


0,21 (3) 


30 


Dense Une DOF @ 0.22 


1.4-1.5 (1) 


0.9(2) 


0.6 (3) 




Isolated Une DOF @ 0.22 
jim{jim) 


1.0 (1) 


0.4(3) 


0.6 (2) 


35 


Dense/iso bias @ 0.22 ^m 
(nm) 


15(1) 


37(3) 


32(2) 




T-top 


None (1) 


Yes. slight 


Yes, medium 


40 


Remarks: 

The definition of the test items is the same as given in Example 203. T-top indicates formation of an insoluble phase 
on top of the resist 

These results demonstrate superior performance of the resist material of the present invention (Test A) and superi- 
ority in dimensional skabilit/ upon delay time changes (Test B). 



45 Example 205: 



[0294] Monodisperse poly-4-hydroxystyrene (manu^ctured by Nippon Soda Co., Ltd., Mw = 2,000. polydispersity 
= 1.16) was reacted with dihydropyran and a minor amount of o. o-triethylene glycol divinyl ether in the presence of p- 
toluenesulfonic acid to prepare a copolymer of 4-hydroxystyrene and 4-tetrahydropyranyloxystyrene partially 
50 crosslinked by a, ay-triethylene glycol divinyl ether. The copolymer fiad an average molecular weight of 7,500 with an 
essentially trimodal molecular weight distribution at about 2,300. 4,600 and 7,000 and a minor amount of higher 
crosslinked parts as determined by GPC with polystyrene as the standard, and the monomer ratio of 4-hydroxystyrene: 
4-tetrahydropyranyloxystyrene was roughly 6.9 : 3.1 as measured by NMR (POLY 205). 

[0295] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
55 fled radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above copolymer. 

0.42 g of t-butytoxycarbonylphenyl diphenyl sulfonium nonafluorobutane sulfonate, 
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0.03 g of tri-n-octylamine. 

0.05 g of N,N-dimethylacetamide. 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[02961 The solution was filtered, spin coated on a silicon wafer covered with a phosphor-spin-on-glass layer, which 
has been pretreated bake at 1 50«C. and baked for 90 seconds on a hot plate at 1 15°C to yield a layer having a thickness 
of 0 65 urn The recording material was exposed as described In Example 201 (NA = 0.55, a = 0.71) using a mask with 
contact hole patterns down to 0,15 at a dose of 62 mJ/cm^ and baked for 90 seconds at 120«C. Next the materal 
10 was developed as described in Example 201 . . . . ^ ^ . « 

[02971 Scanning electron microscope (SEM) Inspection revealed that the recording matenal resolved 0.19 pm con- 
tact holes at a duly ratte of 1 : 1 with a usable depthnrf-fbcus (DOF) of about 0.7 jim. The skJewalls of the contact holes 
were vertically, and virtually no footing was observed at the resist/substrate Interface. 

IS Example 206: 

[0298] Monodisperse poly-4-hydroxystyrene (manufactured by Nippon Soda Co.. Ltd.. Mw = 8.000. polydispersity 
= 1 09) was reacted with ethyl vinyl ether in the presence of p-toluenesulfonic add as a catalyst to prepare a copolymer. 
The copolymer was reacted with di-t-butylcarbonate in the presence of triethylamine to prepare a terpolymer of 4- 

20 hydroxystyrene. 4-(1-ethoxyethoxyslyrene) and 4-(t-butyloxycarbonyloxystyrene). The terpolymer had an average 
molecular weight of 10.200 with a polydispersity of 1.13 as determined by GPC using polystyrene as the standard, and 
the monomer ratio of 4-hydroxystyrene: 4-(1-ethoxyethoxy)styrene : 4-t-butyloxycarbonyloxystyrenewas6.5 : 3.8 : 0.7 
asmeasuredby^HNMR(POLY206). ^ 
[0299] JhB following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 

25 fled radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the above terpolyma^. 

0.35 g of bis-(4-cycIohe)^phenyl) phenyl sulfbnium nonafluorobutane suHbnate, 
0.02 g of tetrabutyl ammonium hydroxide, 
30 0.O2 g of N.N-dicyclohexylamine. 

0.004 g of Megafac R-08 (tradename), and 
64.2 got ethyl lactate. 

[0300] The solution thus obtained was filtered, spin-coated on a HMDS treated silicon wafer and baked for 90 sec- 
35 onds on a hot plate at 100'C to yield a layer having a thickness of 0,55 jim. The recording material was exposed as 
desCTibed in Example 201 (NA = 0.55. a = 0.71 ) using a mask with contact hole patterns dowvn to 0.1 5 jun at a dose of 
55 mJ/cm^ and baked for 90 iseconds at 120**C. 
[0301] Next the material was developed as described in Example 201, 

[0302] Exposure was performed as described in Example 201 using NA = 0.50 and a a-value - 0.60 at a dose of 
26 mJ/cirf. The material was baked for 90 seconds at 105*0. and developed with the surfactant-free developer of 
Example 201 for 60 seconds at 23**C followed by water rinsing. 

[0303] The material resolved dense lines and spaces patterns down to 0.18 jim and Isolated lines down to 0.14 jim. 
The pattern shape was rectangular and no standing waves were observed. The DOF of the isolated patterns was larger 
than 1 .0 ^m for 0. 18 pm features. 

Examples 207 and 208: 

[0304] Radical copolymerization of 4-acetoxystyrene with 4-t-butylacrylate was carried out in the presence of 2.2*- 
a2obis-(4-dlme1hoxy-2.4-dimethyR^erDnitrile) as a polymerization initiator, followed by hydrolysis of the acetate groups 
with an aqueous ammonium acetate solution. A part of the hydroxy groups in the copolymer thus obtained were reacted 
with ethyl vinyl ether in the presence of p-toluenesulfonic acid as a catalyst to prepare a terpolymer of 4-hydroxystyrene. 
4-(1 -ethoxyethoxystyrene) and 4-t-butylacrylate. The terpolymer had an average molecular weight of 8.700 with a poly- 
dispersity of 1 ,71 as determined by GPC using polystyrene as the standard, and the molar ratio of 4-hydroxystyrene : 
4-(1 -ethoxyethoxy)styrene : 4-t-butylaaylate was 7,1 : 1 .8 : 1 .1 as measured by H NMR (POLY 207). 
[0305] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
fied radiation sensitive composition suitable for DUV (248 nm) and e-beam exposure: 

9.8 g of the above terpolymer, 
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0.28 g of bis-(4-cyclohexylphenyl) iodonium nonafluorobutane suHbnate, 

0.03 g of trlphenyl sulfonium hydroxide, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

5 

[0306] The solution was f Otered. spin-coated on two HMDS treated silicon wafers and baked on a hot plate for 90 
seconds at 1 1 0^'C to yield a layer having a thicl^ess of 0.53 pm. One of the recording materials was exposed with exd- 
mer laser radiation provided by a Nikon NSR 2005 EX 10B stepper with an NA ^ 0.55 and a coherence factor a = 0.80 
using a mask with lines and spaces patterns down to 0.10 pm at a dose of 22 mJ/cm^. The other recording material 
10 was pattern^se exposed with e-beam radiation provided from a JEOL JBXX 5DII operating at 50 keV with a spot size 
of 10 nm (no proximity correction) at a dose of 1 6.2 |iC/cm^. The exposed wafers were placed on a hot plate and baked 
for 90 seconds at 1 20^*0. The materials were then developed with AZ® MIF 300, a surfactant free developer containing 
2.38% by weight of tetramethyl ammonium hydroxide provided by Ciariant Japan K.K. for 60 seconds at 23''C followed 
by pure water rinsing. 

IS [0307] The excimer laser exposed material resolved dense lines and spaces patterns down to 0. 18 pm and isolated 
lines and spaces down to 0.14 ^m. The pattern shape was rectangular and only minor standing waves were observed. 
The DOF of the isolated patterns was larger than 1 .0 ^m for 0.1 6 pm features. 

[0308] The e-beam exposed material resolved dense lines and spaces down to 0.16 |im and isolated lines down to 
0. 11 pm. The DOF of the isolated patterns was larger than 1 .0 pm for 0. 1 5 |im features. 

20 

Examples 209 and 21 0: 

[0309] A terpolymer of a 4-hydroxystyrene derivative. 4-(t-butoxystyrene) and 4-t-butylcarbonytmethytoxy styrene 
was prepared by acid hydrolysis of monodisperse poly-4-t-butoxystyrene to leave 15% of the butoxy groups intact A 
25 part of the hydroxy groups in the copolymer were reacted with t-butyl bromoacetate in the presence of triethylamine as 
a catalyst. The terpolymer had an average molecular weight of 8J00 with a polydispersity of 1.06 as determined by 
GPC using polystyrene as the standard, and the molar ratio of 4-hydroxystyrene : 4-(t-butoxystyrene : 4'-t4xjtyicart>ony- 
loxystrene was 7.1 : 1 .4 : 1.5 as measured by NMR (POLY 208). 

[0310] The following ingredients were mixed together to prepare a solution of a positive-working chemically ampii- 
30 fied radiation sensitive composition suitable for DUV (248 nm) and x-ray exposure: 

9.8 g of the above terpolymer. 

0.2 got bis-(t4Dutylcarfoonylmethytoxyphenyl) iodonium nonafluorobutane sulfonate, 
0.15 g of tris-(t-butylcartx)nylmethyloxyphenyl) suKbnium nonafluorobutane sulfonate. 
35 0.03 g of tributylammonium pyrovate. 

0.004 g of Megafac R-08 (tradename), and 
64.2 g of methyl amyl ketone. 

[0311] The solution was filtered, spin-coated on two HMDS treated silicon wafers and baked on a hot plate (90 
40 sec/1 00**C) to yield a layer having a thickness of 0,72 ^m. One of the recording materials was exposed with excimer 
laser radiation provided by a Nikon NSR 2005 EX 1 0B stepper (NA » 0.55, a » 0.55) using a mask with lines and spaces 
patterns down to 0.10 pm at a dose of 25 mJ/cm^. The other recording material was pattemwise exposed with x-ray 
radiation provided by a 0.6 GeV superconducting beam storage ring with a peak wavelength of 7.5 A using a Karl Suss 
XRS-200/3 stepper with a proximity gap of 30 pm at a dose of 70 mJ/cm^. The x-ray mask had lines and spaces pattern 
45 down to 1O0 nm and was composed of 0.5 ^m thick W-Ti absoiber on a 2.0 pm thick SiC membrane. The exposed 
wafers were baked for 90 seconds at 1 10*^0 and developed as described in Example 201 . 

[0312] The excimer laser exposed material resolved dense lines and spaces patterns down to 0.16 pm but the iso- 
lated lines were somewhat ur^table and collapsed at geometries below 0.18 pm. The pattern shape was rectangular 
and only minor standing waves^were observed. 
so (031 3] The DOF of the isolated patterns was larger than 1 .0 ^lm for 0. 1 6 pm features. 

[0314] The x-ray exposed material resolved dense lines and spaces down to 0.14 pm and isolated lines down to 
0.14 pm. At snialler geometries the patterns tended to collapse. The DOF of the isolated patterns was larger than 1 .0 
pm for 0.15 pm features. 

55 Exan)ple211: 

[0315] The following ingredients were mixed together to prepare a solution of a positive-working chemically anrpli- 
fied radiation sensitive composition suitable for DUV (248 nm) exposure: 
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9,8 g of the terpolymer described in Example 207 (POLY 207), 

0,8 g of 4,4'-(1 -methylelhylidene) bis-I4.1 -phenyleneoxy acetic acid] di{1 ,1 -dimethylelhyl) ester, 
0.2 g of t)is-(4-cyclohexylphenyl) phenyl sulfonium nonafluorobutane sulfonate. 
0 03 g of triphenyl sulfonium hydroxide, 
5 0.05 g of a condensation product of 2 moles 9-anthrylmethanol reacted with 1 mole toluene-1 ,3KJiisocyanate (DUV 

absorber), 

0.004 g of Megalac R-08 (tradename), and 

64.2 g propylene glycol monomethyl ether acetate. 

10 [03161 The solution was fiHered, spin-coated on a HMDS treated silicon wafer and baked on a hot plate (90 
sec/100*^C) to yield a layer having a thickness of 0.55 jim. exposed as described previously (NA = 0.55) at a dose of 35 
mJ/cm^, baked for 90 seconds at 120°C and developed. 

[03171 The material resolved dense lines and spaces patterns down to 0.16 jim and isolated lines down to 0.14 jim. 
The pattern shape was rectangular and only minor standing waves were obsen^ed. The DOF of the isolated patt^^ns 
IS was about 0.6 iim for 0.1 6 (im features. 

Examples 212 and 213: 

[03181 4-Hydroxystyrene, tetracyclododecyl methacryiate. t-butyl methacrylate and methaaylic acid 2-tetrahydro- 
20 pyranyl ester was radically polymerized in the presence of 2.2'-azobisffSobutyronitrile) as a polymerization initiator to 
prepare a quaterpdymer. The quaterpolymer had an average nrx)lecular weight of 13.200 with a polydispersity of 2.4 
as determined by GPC using polystyrene as the standard, and the monomer ratio of the components was 1 .5 : 3.5 : 2.5 
: 2.5 as measured by ^HNMR (POLY 209). . „ ,. 

[03191 TTie following ingredients were mixed together to prepare a solution of a positive-working chemically ampli- 
25 f led radiatton sensitive composition suitable for DUV (248 nm) exposure and VDUV (193 nm) exposure: 

7.8 g of the quaterpolymer descrbed above. 

2.8 g of 4.4'-(1-methylethylidene) bis-[4,1 -cyclohexyleneoxy acetfo add] di(1,1-dimethylethyl) ester, 
0.2 g of bis-(4-cyclohexylphenyl) iodonium nonafluorobutane sulfonate, 
30 0.03 g of triethanolanriine, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[03201 The solution was filtered, spin-coated on two silicon wafers pretreated with AZ® KrF-2. a commercially avail- 
35 able antireflective coating available from Oariant Japan K.K, baked for 90 seconds at 120<»C to yield a layer having a 
thickn ss of 0.55 ± 0.02 ^lm. and one wafer was exposed as described in Example 201 (NA = 0.55. a = 0.80) at a dose 
of 26 mJ/cm^. while the other wafer was exposed with an ISI ArF stepper with a NA = 0.60 and a a = 0.75 at a dose of 
12.5 mJ/cm^. The exposed wafers were baked for 90 seconds at 125°C and developed. 

[0321] The KrF exdmer laser exposed material resolved dense lines and spaces patterns below 0.16 jim, isolated 
40 lines down to 0.14 ^m. but both with a slight tendency to form T-tops. The ArF excimer laser exposed material showed 
the same resolution and pattern characteristics as the KrF exdmer laser exposed material, however, the DOF of 0.18 
nm lines exceeded that of the KrF exposed material by 25%. 
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Examples 214-237: 

[03221 The foWowing radiation sensitive compositions were prepared and processed according to the steps indi- 
cated in Table 203, where 

Tdymer" denotes the polyff!lr used, 
so TAG" denotes the PAG (photoacid generator) used, 

"Disslnh" denotes the dissolution inhibitor used. 

"Base" denotes the basic additive used. 

"Solv" denotes the solvent used. 

"Ratio" denotes the component ratio in parts by weight used. 
55 "Substrate" denotes the substrate to be coated with the radiation sensitive conrposition used. 

"PB" denotes the applied prebake conditions (temperature/time), 

"FT denotes the film thickness of the radiation sensitive composition used, 

"Exposure Type" denotes the radiation wavelength employed (ArF = 193 nm exdmer laser. KrF = 248 nm excimer 
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laser, i-line = 365 nm quartz lamp, e-beam = 30 keV electron beams, x-ray = 1.3 nm). 

"Dose" denotes the applied exposure dose fin mJ/cm^ for ArF. KrF, 1-line and x-rays and in pC/cvr? for e-beam). 

FEB denotes the applied post exposure bake conditions (temperature/time), 

"Dev" denotes conditions for development (temperature/lime) with an aqueous 2.38% tetramethyl ammonium 
5 hydroMde solution, 

"Res" denotes the resolution capability of dense 1 :1 fines and spaces. 

"Delay Stability" denotes the linewidth change < 10% upon delay between exposure and post exposure bake, 
"Profile Angle" denotes the angle between the substrate and the sidewall of 0.25 line patterns, and 
"DOP denotes the depth of focus of 0.25 fim lines. 
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[0323] The following abbreviations were used for the ingredients shown In the table. 
POLY 201 to POLY 209 = see the above examples 
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POLY 210 s poly-(4-hydfoxystyrene-co-4-(1-ethoxyethoxy)styrene). 67 : 3.3: Mw = 8,700; D = 1.12: 
POLY 211 = poly-(4-hydroxystryene-co-t-butylmethacrylate);7.2 : 2.8; Mw=: 11.400; D = 1,86; 
POLY 212 = poly■(4-^^droxystyreneK^o-4-(1-ethoxyisop^opoxy)st^^ 6.9 : 3.1; Mw = 8,200; D = 1.14; 
POLY 213 = poly-{3-hydroxystyrene-co-4-t-butyl vinylphenoxyacetate); 6.8 : 3.2; Mw = 15,200. D = 2.21; 
5 POLY 214 = pdy-(4-hydroxystyrene-co4-(1-ethoxyethoxy)styrene-OT^^^ 6.0 : 3.2 : 0.8; Mw « 

PoS^2^5 ^=^poly-^ 

maleic anhydride): 1 : 4 : 5; Mw ^ 4.800; D = 2.45; x ^ c o c 

POLY 216 = poly-(4-hydroxystyrene-co-4-(1-ethoxyethoxy)styreneKX)-4^^^ 6.5 : 2.5 . 

PolJ^iyt'p^^^^^ vinylphenoxyacetate); 6.0 : 2.0 : 2.0; Mw = 12.300; D = 

1 72* 

POLY 218 = poly-(4-hydroxystyrene<:o^-t-butyloxy<»i1x>nylo^ 6.8 : 2.1 : 1.1 : Mw 

15 pol??^219"= "S^^^ ^*** 
butylester); 7.0 : 1 .2 : 1 .3 : 0.5; Mw = 1 1 .300. D = 2.25; 

POLY 220 = poly-(4-hydroxystyrene-co-2-hydroxystyrene); 2 : 8; Mw = 9.200. D = 1 .85; 

POLY 221 = poly-(2-hydroxystyrene-co-2-methyl-adamantyl methacrylate^mevalonyl methacrylate): 1:6:3; 

Mw = 7.700. 0 = 2.17; 
20 PAG 201 to PAG 216 = see the above synthesis examples 

PAG 217 = bis-(4-butoxyphenyl dphenyl sulfonium nonafluorobutane sulfonate, 

PAG 218 = bis-(4-methylphenyl) phenyl sulfonium nonafluorobutane sulfonate, 

PAG219 =tris-(4-chlorophenyl) sulfonium nonafluorobutane sulfonate. 

PAG 220 =tris-(t-butyloxycarbonyloxyphenyl) nonaf luorobutane suHbnale. 
25 PAG 221 = phenyl dimethyl sulfonium nonafluorobutane sulfonate. 

PAG 222 = 4-hydroxy-3,5-dimethylphenyl diphenyl sulfonium nonafluorobutane sulfonate, 

PAG 223 = 2-naphthylcarbonylmethyl dimethyl nonafluorobutane sulfonate, 

PAG 224 = di-(4-t-butyloxyphenyl) iodonium nonafluorobutane sulfonate, 

PAG 225 a di-{4-t-butylcarbonylmethyloxyphenyl) nonafluorobutane sulfonate. 
so PAG 226 = 4+butylphenyl phenyl Iodonium nonafluorobutane sulfonate, 

DISS 201 = 4.4H1-phenylethylidene)-bis-t4,1-phenyleneoxy acetic acid]<ii-(1.1-dimethylethyl)ester, 

DISS 202 = ethylidene tris-[4.1-phenyleneoxy acetic acidl-tris-(1 .1-dimethylethyl)ester, 

DISS 203 = (1-methylethylidene)-di-4.1-pheny1ene-bis-(1 .1"dimethylethyl)carbonic acid ester, 

DISS 204 = ethylidene-tris.4.1-phenylene4risK1 J<limethylethyl)carbonic acid ester. 
35 BASE 201 « tetramethyl ammonium hydroxide, 

BASE 202 = tetra-n-butyl ammonium hydroxide, 

BASE 203 = tetra-n-butyl ammonium lactate, 

BASE 204 = methyldicyclohexylamine. 

BASE 205 = tri-n-octylamine, 
40 BASE 206 ^ triethanolamine, 

BASE 207 = triphenyl suHbnium acetate, 

SOLV 201 = propylene glycol monomethyl ether acetate, 

SOLV 202 ' ethyl lactate. 

SOLV 203 = methyl amyl ketone. 
45 BARC 201 = DUV BARC AZ® KrF-3B® (available from Clariant Japan K.K.). 

BARC 202 = DUV BARC CD-9® (available from Brewer Science). 

BARC 203 = DUV BARC DUV18® (available from Brewer Science). 

BARC 204 = DUV BARC DUy42® (available from Brewer Science). 

BARC 205 = i-line BARC AZ® BarLi® II (available from Clariant Japan K.K.). 

[0324] All formulattons contain a minor amount(< 0.01 ppw) of Megafac R-08 (tradename) surfactant. 
Example 238 and Comparative Examples 205 and 206: 

55 [03251 The following ingredients were mixed together to prepare three solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure: 

9.8 g of the terpolymer (POLY 202) of the Example 202. 
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0.52 g (0.708 mmol) of tris-(4-t-butylphenyO sulfonlum nonafluorobutane sulfonate (Example 238), 
0.66 g (0.708 mmol) of tris-(4-t-butylphenyl) sulfbnium perfluorooctane sulfonate (Comparative Example 205) or 
0.41 g (0.708 mmol) of tris-(4-t4}utylphenyl) sulfbnium trifluoromethane sulfonate (Comparative Example 206). 
0.02 g of triphenyl sulfonium acetate. 
5 0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0326] For comparison, positive-working chemically amplified radiation sensitive composition solutions were pre- 
pared in the same manner as described just above, except that 0.66 g (0.708 mmol) of tris-(4-t-l)utylphenyl)sulfonlum 
w perfluorooctane sulfonate (Comparative Example 205) or 0.41 g (0.708 mmol) of tris-(4-t-butylphenyOsulfbnium trifluor- 
omethane sulfonate (Comparative Example 206) was used instead of 0.52 g (0.708 mmd) of tris-(4-t-butytphenyl)sul- 
fonium nonafluorobutane sulfonate. 

[0327] The solutions were filtered, and spin coated on two silicon wafers each, which have been precoated with 
DUV 30. an antiref lective coating provided by Brewer Science at a film thickness of 90 nm (bake conditions: 190''C/60 
IS sec). The substrate reflectivity at this film thickness was approximately 6%. The films were baked for 90 seconds at 
1 20''C to yiekJ films having a thickness of 0.72 ± 0.01 fim and exposed as described in Example 201 . The exposure was 
followed by a post exposure bake at 120''C for 60 seconds and a development 
[0328] The following results (Table 204) were obtained. 

20 

Table 204 





Example 238 


Comparative Example 
205 


Comparative Example 
206 


Dose (mJ/cm^) 


25(2) 


33 (3) 


24(1) 


Dense Line Resolution (^m) 


0.20 (1) 


0.24 (3) 


0.22(1) 


Isolated Line Resolution {pm) 


0.12(1) 


0.15(3) 


0.13 (2) 


Dense Line DOF & 0.22 ^m (^m) 


0,5-0.6 (1) 


0.0 (3) 


0.3-0.4(2) 


Isolated Line DOF @ 0.22 (^m) 


1.8(1) 


1.6(3) 


1.7-1.8(2) 


Dense Pattem Profile @ 0.18 ^m 


VeryGk>od(1) 


good (2) 


Good (2) 


Isolated Pattern Profae @ 0.15 jim 


Good(1) 


Rim Loss (3) 


Tapered (2) 


Standing Waves 


Visible (2) 


Strong (2) 


Visible (1) 


Dense/iso bias @ 0.22 ^m (nm) 


12(1) 


Na(3) 


23(2) 



[0329] The test items in the table were the same as those in Table 203. From these results, it can be concluded that 
40 the material of the present invention has some superiority in the overall performance. 

Example 239 and Comparative Examples 207 and 208: 

[0330] The following ingredients were mixed together to prepare three solutions of a positive-working chemically 
45 amplified radiation sensitive composition suitatrie for DUV (248 nm) exposure. 

9.8 g of the terpolymer (POLY 203) of Example 203. 
0.5 g of a.a-bis(cyclohexylsuHbnyi)diazomethane. 

0.52 g of tris-(4-t-butylph«iyl) sulfonium nonafluorobutane sulfonate (Example 239). 
so O.03 g of triphenyl sulfonium acetate, 

0.004 g of Megafac R-08 (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[0331] For comparison, positive-working chemically amplified radiation sensitive conposition solutions were pre- 
ss pared in the same manner as described just above, except that 0.52 g of tris-(4-t-butylphenyl)$ulfonium trifluorometh- 
ane sulfonate (Comparative Exanrple 207) or 0.52 g of bis-(4-t-butylphenyl)iodonium trifluoromethane sulfonate 
(Conrparative Example 208) was used instead of 0.52 g of tris-(4-t-butylphenyl)sulfonium nonafluorobutane sulfonate. 
[0332] The solutions were filtered, and spin coated on two silicon wafers each, which have been precoated with 
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DUV 42. a antireflective coating provided by Brewer Science Corp.. USA. at a film thickness of 60 nm (bake conditions: 
200*C/60 sec). The substrate reflectivity at this film thickness was less than 5 %, Baking for 90 seconds at 90^C pro- 
vided a layer having a thickness of 0.65 ± 0.01 nm. Top-view inspection of the photoresists by microscope and scanning 
electron microscope indicated that all three films exhibited smooth surfaces without any sign of pinholes, popcorns, or 
aacking. The recording materials were exposed as described in Example 201 (NA = 0.55. a = 0.55) using a half-tone 
mask with 0.3 |im contact hole patterns at the following dose, baked at lOS^C for 90 seconds and developed. 
[0333] The results are summarized in Table 205. 



Table 205 





Example 239 


Cornparative Example 
207 


Comparative Example 
208 


Dose (mJ/an^) 


45(3) 


44(2) 


35(1) 


Dense C/H Resolution (^m) 


0.22 (1) 


0.22(1) 


0.22(1) 


Isolated C/H Resolution Oun) 


0.22 (1) 


0.23(2) 


0.23 (2) 


Dense C/H OOP @ 0.25 tun (miti) 


1.8(1) 


1.7(2) 


1.6(3) 


Isolated C/H DOF ® 0.25 Mm (|im) 


1.3(1) 


1.1 (3) 


1.2(2) 


C/H Sidewalls @ 0.25 \im 


Vertical (1) 


Vertical (1) 


Tapered (2) 


C/H Bottom® 0.25 |tm 


Goocl(l) 


Foot (2) 


Undercut (3) 


C/H Top® 0.25 fim 


Clear (1) 


Round (3) 


Round (2) 


Standing Waves 


Visible (1) 


Visible (1) 


Visible (1) 


Surface Mt& Development 


Smooth (1) 


Popcorn (2) 


Popcorn (2) 



10334] The test items were the same as those in Table 203. 
30 103351 Hiese results indicate the material of the present invention are superior in perfbrnfiance also in use as con- 
tact hole resist 

Example 240 and Comparative Example 209: 

35 [03361 Monodisperse poly-(4-hydroxystyrene) (provided from Nippon Soda Corp.) was reacted with ethyl vinyl ether 
to prepare a copolymer. 

[0337] The copolymer had a molecular weight of 6.800 with 32% of the phenolic hydroxy groups protected. 
[03381 The following ingredients were mixed together to prepare two solutions of a positive-working chemically 
amplified radiation sensitive composition suitable for DUV (248 nm) exposure. 

40 

9.8 g of the above resin, 

1 .2 g of a divinyl ether derivative prepared by the Williamson ether reaction of 1 mol bisphend A with 2 moles 2- 
chloroethyl vinyl ether. 

0.52 g (0.708 mmol) of tris-(4-t-butylphenyl) sulfbnium nonafluorobutane sulfonate (Example 240), 
45 0.03 g of triphenyl sulfonium acetate. 

0.004 g of Megafac R-Od (tradename), and 

64.2 g of propylene glycol monomethyl ether acetate. 

[03391 For comparison, poSTSve-working chemically amplified radiation sensitive composition solutions were pre- 
50 pared in the same manner as described just above, except that 0.41 g (0.708 mmol) of tris-(4-t-butylphenyl)sulfonium 
trif luoromethane sulfonate (Comparative Example 209) was used instead of 0.52 g (0.708 mmol) of tris-(4-t-butylphe- 
nyl)sulfonium nonafluorobutane sulfonate. 

[03401 The solutions thus obtained were filtered and spin coated on two silicon wafers each, which have been pre- 
coated with AZ KrF-2 (tradename), an antireflective coating provided by Clariant Japan K.K.. at a film thickness of 60 
55 nm (bake conditions: 220'»C/60 sec). The photoresist films were baked for 90 seconds at 1 1 5*»C to yield a film thictoiess 
of 0.62 ± 0.01 pm. After exposure as described in Example 201 (NA = 0.55. a = 0.55) at a dose of 32 mJ/cm , the 
exposed wafers were baked at 1 20^C for 90 seconds and developed. 

[03411 The recording material of the present invention resolved lines and spaces don to 0.20 jim with vertical side- 
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walls profiles. The material of the Ck)mparativ€ Example 209 showed a resolution limit at 0.28 iim and strong foot for- 
mation. A dissolution rate analysis revealed that the contrast of the comparative material was significantly degraded 
probat}ly due to a aosslinking reaction of the divinyl ether derivative at the selected post exposure bake temperature 

5 Example 241: 

[0342] The following ingredients were mixed together to prepare two positive-working chemically amplified radiation 
sensitive composition solutions suitatsle for i-Iine (365 nm) exposure: 

10 8.6 g of a copolymer (molecular weight 12.200) of 3-methyl-4-hydroxystyrene and 4-hydroxystyrene (2:1), 

2.8 g of the poly-N.O-acetal described in Example 238, 

0.45 g of 2-anthryl diphenyt sulfonium nonaf tuorobutane sulfonate. 
0.04 g of triphenyl sulfonium hydroxide, 
0.004 g of Megafac R-08 (tradename), and 
IS 88.5 g of ethyl lactate. 

[0343] The solution thus obtained was filtered and spin coated on a wafer precoated with a 1 60 nm thick film of AZ 
Barii (tradename), a commercial antireflective coating available from Clariant Japan K.K.. which has been baked at 
200**C for 60 seconds. The photoresist was baked at 1 10**C for 60 seconds to give a fflm thickness of 850 nm. The 
20 coated wafer was exposed through a mask with line and space patterns down to 0.20 iim usinga Nikon SNR1705I step- 
per (NA = 0.50) at a dose of 56 mJ/cm^. After the exposure, the wafer was baked at SO^'C for 60 seconds and developed 
as described in Exarrple 201. After pure water rinsing, the wafer was dried and observed under SEM. The material 
resolved 0.26 ^m lines and space patterns free of scum and T-top formation. 

25 Exanrple 242: 

[0344] Two solutions of a positive-working chemically amplified radiation sensitive composition suitable for VDUV 
(193 nm) exposure were prepared by mixing the following ingredients together: 

30 1 1 .14 g of poly(2-hydroxystyrene-co-2-methyl-2-adamantyl methacrylate-co-mevaloftic lactone methacrylate) with 

a molecular weight of 8,000 and a polydisersity of 1 .82. 

0.31 g of bis-4'Cydohexylphenyl iodonium nonafluorobutane sulfonate. 

0.04 g of methyl diethanolamine. 

0.004 g of Megafec R-08 (tradename), and 
35 88.5 g of ethyl lactate. 

[0345] The solution thus obtained was filtered and spin coated on a wafer precoated with a 60 nm thick film of an 
experimental methacrylate based antireflective coating provided by Clariant Japan K.K., which has been baked at 
200''C for 60 seconds. The photoresist was baked at QO^'C for 60 seconds to give a film thickness of 450 nm and 
40 exposed through a mask with line and space patterns down to 0. 10 ^im using a IS! ArF exdmer laser with a NA = 0.60 
. at a dose of 14,5 mJ/cm^. After the exposure, the wafer was baked at 1 10**C for 60 seconds and developed with an 
aqueous developer AZ MIF 300 (tradename: available from Clariant Japan K.K.) containing 2.38% tetramethyl amm>- 
nium hydroxide for 60 seconds at 23''C. The material resolved 0.14 ^ lines and space pattern without any T-top for- 
mation. The intertece between the antireflective coating and the photoresist was free of scum. 

45 

Exanple 243: 

[0346] Two solutions of negative-working chemically amplified radiation sensitive composition suitable for DUV 
(248 nm) exposure were prepared by mixing the following ingredients together: 

so 

7.9 g of a copolymer of 4-hydroxystyrene and styrene prepared by radical polymerization in the presence of 2,2 - 
azobis(4-methoxy-2,4-dimethylvaleronitrile) as a polymerization initiator, the copolymer having a molecular weight 
of 9.200 and a polydispersity of 2.14 as determined by GPC using polystyrene as the standard and a monomer 
ratio of 8 : 2 as determined by ^H-NMR, 

55 2.0 g of distilled hexamethoxymethyl melamine, 

0.3 g of tris-(4-t'butylphenyl) sulfonium nonafluorobutane sulfonate. 
0.02 g oft trabutyt ammonium lactate. 
0.004 g of Megafac R-08 (tradename), and 
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103471 Ihe solution thus obtained was f iHered. spin coated onto a HMDS treated silicon wafer at 3,000 rpm. and 
baked on a hot olate at 1 15°C for 60 seconds. The resulting film thickness was 0.72 gm. ^ . . 

subiectedtoapostexposurebakeonahotplateatl25«Cfor90secondsanddev^^^^ 

Si The «ne^ spaces were resolved down to 0.20 jim. Isolated lines were resolved down to 0.16 

when a dose of 38 mjW was applied. The depthof-focus of the 0.16 urn lines was about 0.80 m 



10 Examples 244 and 245: 



IS 



103501 A solution of negative-working chemically amplified radiation sensrtive composition suitable for DUV (248 
nm) and e-beam exposure was prepared by mixing the following ingredients together: 

7.9gofacopolymerd4-hydroxystyreneand4.melhoxystyrenepre^^ 

of 2 2'-a2obis(isobutyronrtrile) as a polymerization initiator, the copoyimer having a molecular >^eigM of 9.M0^ 
a polydisperslty of 2.21 as determined by GPC using polystyrene as the standard and a monomer ratio of 7.8 . 2.2 



as determined by ^H-NMR. 
2.0 g of recrystallized tetramethoxymethyl glucoril. 
20 0.5 g of tetrabutoxymethyl glucoril. 

0.3 g of tris-(4-t*ulylphenyl) sulfonium nonaf luorobutane sultanate, 
0.02 g of tetramethyi amnx)nium hydroxide, 
0.004 g of Megafac R-OS (tradename), and 
62.4 g of propylene glycol monometl^ ether acetate. 



25 



[0351] ThesdutionthusobtainedwasfiHeredand8pincoated«itotwosiliw^ 
ISoler (hexamethyl dfeilazane) at 3.00) rpm. Aft« 
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[03^r one wafer ««s sd^jected to an exposure through a mask wHh fine lines and ^'IP^^l^;;^'^' 
SrJngaNikon NSR2005EX10BKrFexdmer laser stepper (NA = 0.55.<T = 0^)a a 

Ser wis exposed with e*eam using the e-beam wrfter described in Exarjple ^O^f « ^se d ^^^^^^ 
[03531 Theexposed materialsthen were subjected to a post exposure bake on a hot plate at 95 C lor 90 seconds 

SJ^r^SS' excimer laser exposed material resolved fine lines and spaces down to 0.20 jun. Isolated li>»s w^e 
!S^lddowr^.T5Uv*enadoseof3^ 

(OassT 1*16 e^)eam exposed material yielded isolated lines with a linewidth below 0.10 pm. 
Examples 246 and 247: 

103561 Two solutions of a negative-working chemically amplified radiation sensitive composition suitable for DUV 
(248 nm) and x-ray exposure were prepared by mixing the following ingredients together: 

5.9 g of a terpolymer of 4-hydroxystyrene. styrene and N-hydroxymelhyl methacrylamide wHh a molecular weight 
45 Of 1 1.500. a pol^ispersity of 1 .69. and a monomer ratio of 8 : 1.8 : 0.2. 

1 .5 g of recrystallized tetramethoxymethyl glucoril. 

0.5 g of 4.4'-(l-methylethylidene)-bi8-[2.6-bis-{hydroxymelhyl)-phenoll 

0.3 gof bis-(t-butylphenyl) iodonium nonaf luorobutane sulfonate, 

0.02 g of tetramethyi ammonium hydroxide. 
50 0.004 g of Megafac R-08 (tradename), and 

62.4 g of propylene glycol monomethyl ether acetate. 

[0357] Thesolutionthusobtainedwaslilteredandspincoatedontotwosiliconwaferstr^tedwith^^^^^ 
Shexamethyldisilazane) at 3.O0O rpm. After baWngonahol plate at 95-C for 60 seco^^^ 

to^l*^ '^'e d *"elfers was subjected to an exposure through a mask with fine lines arKl space patterns d«vn to 

us.Va Nikon NSR 2005 EX 1 0B KrF excimer laser stepper (NA = 0.55. a = 0.55) a^^ 
otherCaferwasexposed withx^aysasdescribed in Example210atadoseof 52 rrvJ/cm^. The exposed matenals were 
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then subjected to a post exposure bake on a hot plate at 9S*C for 90 seconds and developed. 
[0359] The fine lin s and spaces of the exdmer laser xposed material were resolved down to 0.22 \m. Isolated 
lines were resolved down to 0.18 pm when a dose of 25 mJ/cm^ was applied. The depth-of-focus of the 0.18 |im lines 
was about 1.25 ^m. 

5 [0360] The x-ray exposed material resolved dense lines and spaces down to 0.16 }im while isolated lines were 
resolved down below 0.16 ^m. 

Example 248 and Comparative Example 210: 

10 [0361] Two negative-working chemically amplified radiation sensitive composition solutions suitable for i-ltne (365 
nm) exposure were prepared by mixing the following ingredients together: 

7.2 g of a copolymer (molecular weight 15.000. glass transition temperature 145^0) of 3,5-dimethyl-4-hydroxysty- 
rene and 4-hydroxystyrene (3 : 7). 
IS 2.0 g of distilled hexamethoxymethyl melamine. 
0.02 g of tetramethyl ammonium hydroxide, 
0.004 g of Megafac R-Od (tradename), and 
42.4 g of propylene glycol monomethyi ether acetate. 

20 [0362] To one of the base formulations, a solution of 0.35 g of (4-phenyl-thiophenyl) diphenyl sulfonium nonafluor- 
obutane sulfonate dissolved in 20 g of propylene glycol monomethyi ether acetate was added (Example 248). 
while to the other base formulation. 

0.35 g of (4-phenyl-thiophenyl) diphenyl sulfonium trif luoromethane sulfonate dissolved in 20 g of propylene glycol 
25 monometiiyl ether acetate was added (Comparative Example 210). 

[0363] The solutions thus obtained were filtered and spin coated onto HMDS treated silicon wafers at 2,400 rpm. 
After baking on a hot plate at OO'^C for 60 seconds, both materials yiekJed a film thickness of 1 .06 ± 0.03 pm. 
[0364] The wafers were subjected to an exposure through a mask with fine lines and space patterns down to 0.20 
30 \im using a Nikon NSR 1755i 7a i-line stepper at a dose of 82 mJ/cm^. The exposed materials were then baked on a 
hot plate at 105*'C for 90 seconds and devefoped. 

[0365] The material of the Example 248 resolved 0.28 [im lines and spaces patterns and the profile of the resist 
patterns were deally rectangular. No whisker-like raised portions or scum were observed. The dose to print isolated 
lines with a width of 0.28 |im was found to be 91 mJ/cm^. 
35 [0366] The material of the Comparative Example 210 also resolved 0.28 ^lm lines and spaces patterns. However, 
the top of the line patterns was rounded, and tiie bottom of the line patterns had an undercut structure combined witii 
severe scum. The dose to print isolated lines witfi a widtii of 0.28 ym was found to be 95 mJ/cm^ and therefore this for- 
mulation (Comparative Example 210) was judged to be clearly inferior to that of the Example 248. 

40 Example 249 and Comparative Example 21 1 : 

[0367] From Example 204. it is evident tiiat the replacement of triflate based PAQs with the nonaf late based PAQs 
of tile present invention yiekis radiation sensitive compositions with identical sensitivity and resolution capability. 
[0368] A first quartz wafer was coated with a solution containing a mixture of 

45 

5.0 g of poly-(4-hydrQxystyrene). and 

0.3 g of tris-(4-t-butylphenyl)sutfonium nonaf luorobutane sulfonate dissolved in 50 g of pror^ene glycol monome- 
thyi ettier actetate and baked at 120''C for 60 seconds(Example 249. wafer 201). 

so [0369] A second quartz wafer was coated witii a solution containing a mixture of 

5.1 g poly-(4-hydroxystyrene). and 

0.3 g tris-(4-t-butytphenyl)sulfonium triflate dissolved in 50 g propylene glycol monometiiyl ether acetate and baked 
at 1 20°C for 60 seconds (Comparative Example 211, wafer 202). 

55 

[0370] In addition, two otiier quartz wafers were coated with a solution of 

5.0 g poly-(4-t-butyloxycarbonyloxystyrene) dissolved in 50 g propylene glycol ntonometiiyl ether acetate 
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and baked at 90°C for 90 seconds (vrafer 203 and wafer 204). 

(0371) Wafers 203 and 204 were subjected to a quantitative FIR spectrum analysis with respect to the absorption 
intensity of the carbonyl bond. Then the film on wafer 203 was brought into intimate contact with the film on wafer 201 
and the fflm on wafer 204 with the film on wafer 202 each at a pressure of about O.OSkg/cm^. Both wafer pairs were sub- 

5 iected to a flood irradiation with DUV KrF exdmer laser irradiation at a dose of 80 mJ/cm^ and baked at gO'C for 90 
seconds with wafers 203 and 204 on the upper side. The wafers 203 and 204 were separated from wafers 201 and 202 
and their FIR spectra were again recorded. After substraction of the two spectra (before and after exposure*ake). it 
became evident that 47% of the t-butyloxycaibonyloxy groups of the polymer on wafer 204 had been cleaved into 
hydroxy groups by trifluaomethanesulfbnic acid produced during exposure and diffusing into the polymer during Ihe 

10 post exposure bake, while only 1 4% of the t-butyloxycarbonyloxy groups of the polymer on wafer 203 had been cleaved, 
indicating that the trif luoiomethane sulfonic acid produced from wafer 202 was much more volatile than the nonaf luor- 
obutane sulfonic add produced from wafer 201. From this experiment, it can be oonduded that the amount of acidic, 
corrosive and volatHe products which might cause destruction of the irradiation equipment and pose hazards to the 
health of the workers is signSicantly reduced, when trif late generating PAGs were replaced with the PAGs of the present 

IS invention. 

Example 250: 

[03721 The radiation sensitive composition of Example 241 was coated on a mechanically surface grained akimi- 
20 mm toil and dried to a weight of about 1.2 glm^. After imagewise exposure through a positive-working onginal with a 5 
kW metal haide light source for 23 seconds, the foU was heated at lOO'C for 8 minutes in a convection oven. The 
printed imagewasdeveloped with a developer solution containing the following ingredients by a splush paddle method: 

5.0 g of sodum lauryl sultate, 
25 1 .5 g of sodium metasilicate pentahydrate, 

1.6 g of trisodium phosphate dodecahydrate, and 
92.5 g of ion-exchanged water. 

[03731 The plate was then rinsed with pure water and dried. Step 6 of a silver-fym continuous-tone step having a 
d nsity range from 0.05 to 3.05 and density inaements of 0.15 was completely reproduced on the copy. Even thef inest 
screens and lines of the original were clearly visible. The printing plate obtained in the manner described gave 32.000 
high quality impressions on a sheetfed offset printing machine. 

Claims 

1 . A chemically amplified radiation sensitive composition comprising: 

an onium salt precursor which generates a f luorinated alkanesuHbnic add as a photoadd generator and 
a film forming hydroxystyrene based resin. 

2. The composition according to claim 1 . wherein the alkanesuHbnic acid has 3 to 4 carbon atoms. 

3 The conposition according to daim 1 . wherein the onium salt precursor whidi generates a f luorinated alkanesul- 
fonic add is a suHbnium or iodonium salt of 3.3.3.2.1 .1-hexaf luoropropane sulfonate or nonafluorobutane sulfonate. 

4. The composition according to daim 1 . wherein the photoacid generator is a sulfonium or iodonium salt c« a f luori- 
nated alkane suHon'ic add. represented by formula (I): 

(I) 



30 



35 



40 



45 



SO 



^ Y^ASOa- 
wherein A represents CF3CHFCF2 or CF3CF2CF2CF2; and Y represents \^ 



\ 



ss 
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S* or R* 1* FP 



SO 



ss 



10 wherein R\ R^, R^, and each independently represent 
an alkyl group. 

a monocyclic or bicydic alkyl group, 

a cydic allcylcarbonyt group, 
IS a phenyl group, 

a naphthyl group, 

an anthryl group. 

a peryi group. 

a pyryl group. 
20 a thienyi group, 

an aralkyi group, or 

an arylcart>onylmethylene groups or 

any two of R\ R^, and R^ or R"* and R^ together represent an alkylene or an oxyalkylene which fomis a five- 
or six membered ring together with the interposing sulfur or iodine, said ring being optionally condensed with 
25 aryl groups, 

one or more hydrogen atoms of R\ R^. R^, R*, and R® being optionally substituted by one or more groups 
selected from the group consisting of a halogen atom, an alkyl group, a cyclic alkyl group, an alkoxy group, a 
cyclic alkoxy group, a dialkylamino group, a cyclic dialkylamino group, a hydroxyl group, a cyano group, a nitro 
group, an aryl 

30 group, an aryloxy group, an arylthio group, and groups of formulae (II) to (VI): 



35 



40 



45 
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wherein and each independently represent a hydrogen atom, an alkyi group, which may be subsB- 
tuted Ijy one or more halogen atoms, or a cyclic alkyi group, which niay be substrtuled by one or more hal- 
ogen atoms, or and R^ together can represent an alkylene group to form a ring. 

represents an allcyl group, a cyclic alkyl group, or an aralkyi group, or and R^ together represent an 
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alkylene group which forms a ring together with the interposing -C-O- group, the carbon atom in the ring 
being optionally substituted by an oxygen atom. 

represents an alkyi group or a cyclic alkyi group, one or two carbon atoms in the alkyi group or the cyclic 
alkyi group being optionally substituted by an oxygen atom, an aryl group, or an aralkyi group, 
5 R*^*^ and R""^ each independently represent a hydrogen atom, an alkyi group, or a cyclic alkyi group. 

R''^ represents an alkyi group, a cyclic alkyi group, an aryl group, or an aralkyi group, and 
R^^ represents an alkyi group, a cyclic alkyi group, an aryl group, an aralkyi group, the group -Si(R^^)2R^^. 
or the group -0-Si(R^2)2R^^. 

10 5. The compositk)n according to claim 1. wherein the film forming hydroxystyrene based resin is a polymer of 4- 
hydroxystyrene, S-hydroxystyrene, or 2-hydroxystryene, or a co-, ter-, quater- or pentapolymer of the styrenes and 
other monomers. 

6. The composition according to daim 1 , whteh is a positive-working chemically amplified radiation sensitive compo- 
75 sition. 

7. The composition according to daim 6. wherein the resin is made alkali insoluble by protecting alkali soluble groups 
on the resin with an add cleavat)le protective group. 

20 8. The conrposition according to claim 7. wherein said resin has multiple add cleavaWe C-O-C or C-O-Si bonds. 

9. The composition according to claim 6. wherein said resin has a molecular weight of 2.000 to 200.000 and a poly- 
dispersity of 1.01 to 2.80. 

26 10. The composition according to daim 6, which further comprises a dissolution inhibitor with at least one acid cleav- 
able C-O-C or C-O-Si bond. 

11. The conrposition according to daim 10, wherein said dissolution inhibitor is a phenolic and/or cartx)xylic add type 
compound with at least one acid deavable C-O-C or C-O-Si bond and having a molecular weight of approximately 

30 100 to 20.000. 

12. The composition according to daim 6. which further oorrprlses other performance improving additives. 

13. The conrposition according to claim 12, which conprises: 

35 

(1) 0.1 to 30 parts by weight of a sulfbnium or iodonium salt of a fluorinated alkane sulfonic acid, represented 
by formula (I): 

(2) 100 parts by weight of said film forming hydroxystyrene based resin with multiple add deavable C-O-C or 
C-O-Si bonds; 

^ (3) 0 to 50 parts by weight of said dissolution inhibitor with at least one acid deavable C-O-C or G-O-Si bond; 

and 

(4) 0.01 to 5.0 parts by weight of said performance improving additives. 

14. The composition according to daim 1 . which is a negative-working chemically amplified radiation sensitive cortpo- 
45 sition. 

15. The composition according to daim 14. wherein sakj film forming hydroxystyrene based resin is an alkali soluble 
and acid-sensitive self-aosslinkable resin. 

50 16. The composition according to claim 14, which further comprises an acid-sensitive crosslinking agent. 

17. The composition according to daim 14. wherein said resin has a molecular weight of 2,000 to 200.000 and a poly- 
disperslty of 1.01 to 2.80. 

55 18. The composition according to 16, wherein said crosslinking agent is a melamine/formaWehyde condensate and/or 
a urea/formaldehyde condensate witii at least two acid-aosslinkable groups. 

19. The composition according to claim 14. which further coirprises other performance improving additives. 
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20. The composition according to claim 19, which comprises: 



(1) 0.1 to 30 parts by weight of a suKbnium or iodonium salt of a fluorinated alkane sulfonic acid, represented 
by formula (0; 

(2) 100 parts by weight of said hydroxyl styrene based resin; 

(3) 3 to 70 parts by weight of said acid-sensitive crosslinking agent: and 

(4) 0.01 to 5.0 parts by weight of perlbrmance improving additives. 

21. The composition according to claim 1 . wherein said radiation sensitive photoacid generator is a conpound of for- 
mula (I), where R\ R^, R^, R"*, and R^ each independently represent 

aCi.i2atkyt9i'0up. 

a C6.12 monocyclic or bicyclic alkyi groups 
a C4.12 cyclic alkylcarboniyt group, 
y a phenyl group. 



V' a naphtyi group, 
^ an anthryl group, 

a peryl group, 
f a pyryl group, 

a thienyl group. 

an aralkyi group, or 

an arylcart)ony!methy!ene group with up to 15 cartx)n atoms, or any two of R\ R^, and R^, or R^ and R^ 
together represent an aikytene or an oxyalkylene which forms a five- or six-membered ring together with the 
interposing sulfur or iodine atom, said ring being optionally condensed with aryl groups. 

22. The composition according to claim 21, wherein said radiation sensitive photoacid generator is a compound of for- 
mula (I), 

wherein one or more hydrogen atoms of R\ R^, R^, R*. and R^ are optionally substituted by at least one group 
selected from the group consisting of a halogen atom, a 0^.6 alkyI group, a C3.6 cyclic alkyI grojp, a C^.s aikoxy 
group, a C3.6 cyclic aikoxy group, a di-Ci.3 alkylamino group, a cyclic di-C6.i2 alkylamino group, a hydroxyl group, 
a cyano group, a nitro group, an aryl group, an aryloxy group, an arylthio group, and groups represented by formu- 
lae (II). (III). (IV). (V). and (VI). 

wherein R^ and R^ each independently represent a hydrogen atom, a 0^.5 alkyl group, which may be substituted 
by one or more halogen atoms, or a C3.6 cyclic alkyl group, which may be substituted by one or more halogen 
atoms, or R^ and R^ together represent an aiMene group to form a f ive-membered or six-membered ring. 

R® represents a C^.s alkyl group, a C3.6 cyclic alkyl group, or a C7.12 aralkyi group, or R^ and together rep- 
resent an alkylene group which forms a five- or six-membered ring together with the interposing -C-0- group, 
the carbon atom in the ring being optionally sut)stituted by an oxygen atom, 

R^ represents a C^e alkyl group or a C^s cfoWc alkyl group, one or two cartx>n atoms in the alkyl group or the 
cyclic alkyl group being optionally substituted by an oxygen atom, a C6.12 aryl group, or a G7.12 aralkyi group, 
R^^ and R^^ each independently represent a hydrogen atom, a C^.q alkyl group, or a C3.6 cyclic alkyl group, 
R^2 represents a Ci.e alkyl group, a C3.6 cyclic alkyl group, a 05.^2 aryl group, or a C7.12 aralkyi group, and 
R^^ represents a C^^ all^ group, a C^.^ cydic all^l group, a 06.^2 aryl group, a aralkyi group, group - 
Si(R^2)2R^^. or group -©-^(R^^j^R^^. 

23. The conpositton according to claim 1 , wherein, in tfie conpound of formula (I). 

R^ , r2. r3, r"*. and R^ .^ch independently represent a Ci .3 alkyl group, a C3.6 monocyclic alkyl group, Cio.i2 
bicyclic alkyl group, a 63,5 cyclic alkylcarbonyl group, a phenyl group, or a naphthyl group, or any two of R\ R^ 
and R^. or R"* and together represent an alkylene group to form a five- or six-membered alkylene ring, one 
or more hydrogen atoms of R^ . R^. R^, R^, and R^ optionally substituted by at least one group selected from 
the group consisting of a hydrogen atom, a halogen atom, a C^.s alkyl group, a C3.6 cyclic alkyl group, a C1.6 
alkoxyl group, a C3.6 cyclic alkoxyl group, a hydroxyl group, an aryl group, an aryloxy group, an arylthio group, 
and groups of formulae (II). (Ill), (IV). (V), and (VI). 

wherein R^ and R^ each independently represent either a hydrogen atom or a methyl group, provided that R^ 
and R^ do not simultaneously represent hydrogen, R® represents either a alkyl groip or R^ and R^ 
together represent an alkylene group which forms a ring together with the interposing -CO- group. R^ repre- 
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sents a C1.4 alkyi group, and R'' ^ represent a hydrogen atom. 
R^^ represents a methyl group, and 
R^^ represents a methyl group. 

5 24. The composition according to claim 1 . wherein said conpound of formula (I) is a trls-(4-t-butylphenyl)sulfonium salt 
of a f tuorinated alkane sulfonate. 

25. An iodonlum salt of formula (I) as defined in claim 4. 

10 26. A sulfbnium salt of formula (I) as defined in claim 4. wherein at (east one hydrogen atom on group represented by 
R\ or R^ is substituted by a substituent defined in daim 3. 

27. Tris-(4-t-butylphenyl)sulfbnium 3.3,3,2. 1 , 1 -hexafluorobutane sulfor^te. 

) 

15 28. iris-(4-t-butylphenyi)suifonium nonafluorobutane sulfonate. 
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